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1 1 6 — Arr ton Down [B M ] 


necessnrilv so weiktincl In the lascrtion of the tnog Hnd 
the consequent thinness of the wood left between the tinff 
and the fuiule tlmt it berime too slight to sustain the 
strain nndt iq>on it when in use It was therefore neces- 
sary to make a change, ind this was effected by doing away 
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with the tang and eahtiug the hlude and ferrule iu one 
])ie(*e, a iniich Hiipeiior mode ut halting than hnd hitherto 
heen adopted. Tins vciy iiuiK)Ttant step, the union of the 
blade and feriule, murkn a distinct stage in the evolution 
of the Hpear-head. It is in reality the invention of the 
socket, and though it iuvoIvcmI «i great change, and even 
introduced a new piinciple, it iie\eithelesH eanie about by 
u very simple jnoeess 1Mie liead hIiowd (Fig 15) is foiined 
citstuig the Jeirule in one piece with the blade. It was 
found in the Atieton Down hoard, and may be regarded as 
the eailiest knoun socketed hioitxe spear-heod which has 
been discovered in th(‘ Tnitefl Kingdom It has no loops, 
but has been atlacdied 1o the end of the shaft by means of n 
pin whn*h pusseil thiough two holes and the inte^^eningj 
sliatt ThiH coiislitiUes the earliest mode of fastening the] 
MK'ketcMl Hpotu -head \ 

In the Arreton iVm^n head, as also id those which^imme- 
dmtely suc<*eeded that foini, the cavity of the socket does 
not extend into the blade hut stops at the line of the simu- 
liited mouth, where the blade and socket met befoie they 
weie (uist in one jiiece. The simulated mouth ot the soc^ket, 
and the siinnlated livet heads, aie no doubt derived fiom 
the tr ue mouth and livets of the Snow shill type of head, Iroxn 
whii‘h the Aneton Down head ditfeiH in having the tang 
omitted and the blade and socket cast in one piece, A coni- 
paiihoii of these tw'o heads. Figs. 5 and (5 will show clearly 
that the SuowhIiiII head is the prototype of that from Arreton 
Down even in minute details. The socket of the spear-heud 
was therefore derived directly from the ferrule of ihe tanged 
type. It is a remarkable fuel that the invention of the 
soc'ket us u metliod ut attaching the head of the spear to the 
shall anticipated, apparently by a long period, the same pro- 
vision for hnfting the axe. When once the socketed spear- 
head was mlu]ded it must have become apparent that it was 
the best method of attaching the hlude to the shaft, and it 
continued to be used in that relation during the remainder 
of the Uromce Age, and though various modifications took 
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the sloping outline of the Hides ol the hi ule (T ig 13) They 
ultimately move hi^hei up ind become whit are cillod the 

I 



Tio 12 TwiokcnhMD [B M ] Fia 14 *-8oiwthorp Lmoi [B M ] 

Piotected Loops Ihe angular outline has now qmte 
diA ippeared and the edge flows m one unbroken line from 
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its ]>oint down to the base where it joins the hocket. The 
winj^ themselves have become plnin and ot almost unitorm 
thickness. 

The latest development in the relation of head and shaft 
took place when the method of tlie ^hntl by a peg or 

pin was reverted to (Fig. 14) and the loops had entirely dis- 
appeared, or only survive in the piercings ^hich occur in 
some of the lieads in the form of lunate u 1 other ojienings. 

The full development has now taken place, and the 
spear-head had passed into the leaf-sliapetl soikoted type, 
which, with various modifications and diffeiences in sub- 
ordinate particulars, provailinl do>^n to the end of the 
Bronjse Period. . 

The progress in the development ot the spearhead had 
throughout been iouards simplicity and officien(*y, and this 
was carried out so fully in the leaf-shaped heads that there 
appears to be no further loom for improvement in that 
direction. Henceforward any advance thiit was made was 
by means of economy in the use of metal, which at the same 
time reduced the weight All these nu^tlmds seem to liave 
been in use at the same time, and to have conhnued until 
the end of the Bronae Age, 

One of the new methods which came in with the early 
leaf-shaped heads was by piercing the wings with opiminga 
at their thickest part where they abut on the midrib 
socket (Fig. 16). Thesq openings are tieriuently lunate in 
shape, for that form is the bent mo<le of lessening the 
amount of metal. The straight side of these openings is 
jdaced next the midrib socket, while the cuived side follows 
more or less the outline of the e<lge ot the wmgs. ,The8e 
lunate openings not only economise metal and reduce 
weight, hut also add to the upiiearunce of the heads. In 
some of the smaller heads the openings ate merely circular 
holes (Fig. 16). In others, especially in tliose of more tlian 
ordinary size, the larger opening is now and then supple- 
mented by the addition of small circular holes in the nar- 
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rower portions ol the wings above and beneath the prin- 
cipal opening. Heads with lunate openings are not un- 
common in England, Scotland and Ireland, but are very 
rarely found outside these countries . 

Another method of lessening the amount of metal, 
which only came in with the later leat-sha^ied sheads, was 
that of making the uhole head hollow In the lute louf^ 
shaped beads there is a gradual nieiging of the wings into 
the midrib socket. This feature, wdiich produced a thicken- 
ing of the wings as they approach the midrib, atfoided 
room for extending the siM’ket-cuvity into the wings, there- 
by removing what would otherwibe have been supoi*fluoub 
metal. This hollowness, which begun by a very Iriiling ex- 
tension of the socket-cavity, was finally carried to such an 
extent that many heads are meiely shells, with walls in 
some cases less than one-twentieth of an inch in tliickness. 
In these heads with thin walls the midrib is fieqiientl> absent, 
or only represented by a narrow’ bead, Fig. 17 There 
api>ear to be no hollow heads outside the rniteil Kingdom, 
because in foreign examples the wings are not thick enougli 
to allow of then being made hollow. 

From its fiist inception throughout the whole progress 
of the evolution, till it finally culminated in the hollow- 
hend, the H]>enr-Iiend of tho United Kingdom has a char- 
acter of its ow’n, one quite different from those found else- 
where. No other country can show such a sequence of 
forma as we have, a fact which at least soems to claim for 
these islands an indigenous bronze 8})ear-head. 

The Swohij, 

The iiword is essentially a metal weapon, i,e , a wooden 
weapon is at beat but a flattened club, and not until 
some considerable time after the advent of metal did the 
true sword come into existence. Its origin is to be found in 
the copper or bronze knife with a small thin blade, which in 
the United Kingdom is represented bv the so-called knife 
logger, which in its earliest foim has a rounded |)oint, and 
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was probably a tlomestu implement rxther than a weapon 
(lag: 18) This imp] enunt IS found in the e uly bur uIb and 
belonp^ to a time whin metil was bcitc but -is it became 
more plentiful tht blade was thiikened in<l ffiven a midrib 





Fig 18 Figs 20 akd 19 


-md point It bad then developed into the true dagger foi 
warlike puriwscs uell adapted to thi listing but less ao to 
cutting (big 2) With imreaaing command of metal the 
dagger was along itcd into a thin tapering weapon special 
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ised for thruHtmff, whi( h h is been called a rapiei (Fig 19) 
riipMe bron/e lapiers disjiliv \ej y cnnMidti iblo skill in design 
iml manuluituio, some of them bein^ ovei tbntv inrhen in 



Fia 31 -Rivar Tyne Fin 22 — Tin* Hut PtJLTT 

[BlackgaU Museum ] of 1 ii 21 

length, and only five-eights of an inch across the centre of 
the blade, excellent weapons for thrusting But thrusting 
in an acquired art and man’s natural blow sweeps in a semi- 
circle, so that m the heat of a fight he insiinctively slashes 
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at bifl enemy, and in time the rapier was displaced by a sword 
which ultimately expanded into a broad leaf'-sbaped blade 
adapted for cutting. 

These Ieaf*sha])ed blades were ut first mounted similarly 
to the daggers, but the rivets near the edge of the base of the 
blade were frerjuently torn out, for a much greater strain 
was thrown on them in cutting than in thrusting, so an alter- 
ation in the method of fixing was necessary, the tang was 
gnidually extended into the hilt (Fig. 20) until it became a 
plate sandwiched between two other plates of horn or bone, 
(Fig. 21) which form a much more secure method of attach- 
ment and eventually became the popular method of the 
Bronze Age. 

Many writers have commented upon the very small size 
of these sword hilts, and argue therefrom that the men who 
used them hud veiy small hands and therefore were men of 
less stature than men of the present day. But this is entirely 
an error. We know from the skeletons tabulated by Dr. 
Greenwell that the average Yorkshireman of that day was 
about five feet nine inehes in height. The explanation is as 
follows (Fig. 22) You will observe that there is a notch on 
either side of the hose of the blade, which is intended for 
the first finger, and if held in this manner the hilt is quite 
large enough for the hand of an average man. 

The leaf-shaped spear and sword are the forms par excel- 
lence of tlie British Bronze Oulture. ^fhey are admirable 
alike for design and workmanship. They may have been 
equalle<l, but certainly not surjiassefl, by those of any other 
part of file world. 
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The I nfluence of Conductivity ok t he Ap p arent 
Dielectric Constants op Liquids. 

By ProfeMor W. M. Thoiwtoii, D.6o.» I>. Bng. 

[Koad November 14tb, 1^12.] 

Tho electric polnrisation of n perfect insulator has two 
components, a true <li spin cement of the mther and a separa- 
tion of electrical charge within the molecule. There are no 
free electrons or Kins and there is therefore no conduction 
current. In an imperfect or conductinf? dielectric there is 
also a transfer of charge K<*nerally iismimed to he electrolytic 
in type, ft is howcvei difficult in such a case to discrim- 
inate between dielectric polarihution in which, whilst the 
charges are sepnratc<i in the molecule, they do not escape 
from it, and the ionic conduction of electrolytes. In steady 
fields the final current is of the latter type, hut at the start 
and wherever there is time variation of voltage the polarisa- 
tion terms must also be considered. 

The behaviour of a conducting dielectric may then be 
examined by direct measurements with steady currents or 
by observation of rapacity currents in alternating fields. 
The difficulty in the former case arises chiefly from chemical 
polarisation at the electrodes, and in the latter from the fact 
that any expression for the charge on the boundary surface 
of such a medium includes the product of the resistivity 
and the true dielectric constant. 

In a condenser composed of flat parallel plates of dielec- 
tric having a voltage gradient V through them, the current 
density is — V/pi , the negative sign denoting, that the voltage 
is falling in the dinN^ion of flow. But at a surface separ- 
ating two media of dielectric constants E^, E,, and resist- 
ivities the density of charge which gives the 
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rtppareni dielectrio ronatant is, hy OtniRs’ Theorem, «■ « 


■K.V, - K«V,) 


, V beiiifi: nieuMuml from tlie inteitare in 


each case. Thus = — rK,p, KjPa)i. If the second 
medium is a metal in whieli the true polariHation coefficient 
K iH unity and p very small, the ehaige is proiioitionul to 
the product EtPt, and to the current density t at any instant. 
The puMluct Kpis of great piaetical importance in the trans- 
luiHsion of signals along wires embedded in dielectrics, 
appealing as the so-called Kr law. 

The apparent condu<‘tivity, *hat is the ratio of the 
turrent to the voltage, ot a condenser having a Capacity K 
and a perfect dielectric, is s = 2ir//K + flKlUt. For since 
q = KY. » = Kt + VK, and * = */V *= KV/V + t, which 
when V is a simple harmonic of frequency n, has the above 
value, each term of which is a function of the time. 

It IS the more difficult to distinguish between the effects 
of the K and p comiioneuts in the case of a conducting 
dielectric, for both may be influenced by change of fre- 
«|iiency and hy clinnges in the composition of the substance. 

Ififluencf of frequency . — Most of the measurements of K 
in liquids have been made with the liquid in contact with 
the terminal pl.ites of the condeiiserB, and there would 
appear to he a difference introduced by not making direct 
contact with them. Thus the values given in Winkelmann 
(Hand TV, p. 144) for the dielectric coefficient of water, 
which are the mean values of many observations by such 
<*ontact methods, are: 



Within the limits of experimental error the dielectric 
coefficient Ivere remains constant over a remarkably wide 
range of frequency. But when water is enclosed in a quart* 
ellipsoid as used hy Beaulard OScience Abstracts, 1906-7-8 
and 1910) svs|)ende<l in a Hertisian field so that there is no 
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contact between the electrodes and the liquid, K is found to 
decrease in a consistent manner as the frequency is raised. 
Beaulanl’s values may bo summarised as follows : — 


// 

83.10* 

11 lO* 

1 25.10“ 

1 

^ 332 

3 si 

1 278 ' 


For ice iirst melliiiK 1 4o5 and for water just fieezing 
K — 3 072, at n — 6.10“ Tli€‘ square of the refractive index 
of ico is 1 71 which ajfrees iaitly well with the dielectric 
constant. 

The alcohols have dielectric coeificients ranKing from 14 
to 30 measured at long oi short wave lengths by any of the 
usual methotls; but when enclosed as above iu a quartz 
ellipsoid these fall to 4 56, for exam]>le, at X = 36 nieires, 
or 3’70 at X 12 metres. 

It is clear from this lhat the dielei'tric constants of 
liquids other than electrolytes are affected by arranging 
the experiment so that no conduction or quusi*<*oncluction 
currents can flow In the cose of u (conducting liquid hus- 
pended inside an msuluting ellipsoid the lesultunt toi(|ue 
is only that of the true dieloetric* iiolarisation, loi an> move- 
ment which gives rise to charge on the insid(* ends of 
the containing vessel induces an equal opposite cdiarge on 
the outside snrfoc'c, and since every precaution is taken by 
drying to make the outer surface non-conducting, these 
induced charges cannot combine and so remaining mask the 
entire effect of the inside separation which indeed can only 
take place freely when the flow is ciicuital llavelock has 
shown that electrical double refraction in liquids can be 
accounted for by electrical distortion of the molecule from a 
sphere to a spheroid. Then* would therefore appear to be a 
true elastic displacement of the electronic charge in th^ 
molecule from a spherical to a siiheroidnl configuration 
which has a minimum value at the velocity of light and has 
an amplitude several times greater than this at very 
low frequencies. The values obtained by Beaulord are 
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intermediate^ but appronrh the lower limit. The nquare of 
the mean of the refractive indices of a number of alcohuls 
for the I) line is 1*9G, and there is dispersion to be considered 


Infuencc of addtd salts — The position of a conducting 
dielectric in the scale of resistivities cannot be defined 
sharply. “ Conductivity water ” at one end of the range has 
u resistivity of 10® ohms poi cm cube. For saturated 
sodium chloride solution in water p is 4*77 The range 
within which liquids can be classed us conducting dielectrics 
may be taken to be between 1 and 10** ohms per cm. cube. 

In a perfect insulator the dielectric constant is the squat e 
of the refractive index /*, but wbcie there is absorption either 
by conductivity or molecular resonance fi* ^K + 6N, the 
second term consisting in the latter (*nse of a series of terms 
each containing N the ituuihei of elections in unit volume, 
and coiiesponding t<i frequencies at which lesonaiice occuih 
The mobility of the electrolytic lous lias heie no influence 
for the resonance considercHl is elt*clioni(‘ not ionic. 


We may then write ft* = K + />/p, or Kp fi*p — h. 

It has been shown* that the c*oiiduc‘tivity of saline solu- 
tions is nearly proportional to the percentage g of added salt, 
so that ypasa, a constant; and further that the change 
of refractive index is also propoiiionul to the added salt.^ 
Thus (ft — fiq)/^ = r, a constant, and p = acl(ji — so that 



For saline solutions the values of fi*/(ft — ftp) are as 


follows^ : 



' WheiliMn* Theory of Solution, p. 41S. 

* Sohatt. Lendolt end Bornetoia Tehellen. p. 684. 

* Boy. Soo. Proe. B., voL 85, 1912. p. 992. 
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The product Kp therefore decreaeos oa the strength of 
solution is increased and since the curve of change of p 
resembles closely that of — mo) change of the true 
dielectric constant K must in this case be small It is 
evident from this that the resistivity of a conducting dielec- 
tric is the dominating factor in its behaviour in alternating 
heldj even at high frequencies and much more so at low 
values. 

Condenser wUk ionised medium . — The theory ot u <*on- 
denser containing an ionised dielectric medium has been 
given by Prof. H. A Wilson in connection with the con- 
ductivity of flames for rapidly alternating (‘urrents. The 
conditions in flame are in some respec*ts not unlike those of 
conducting liquids. Their resistivity is about 10* ohms per 
cm. cul>e. Both flcunc and electrolytic ions obi»y Ohm’s law. 
Faraday’s laws of electrolysis apply also to salts in the state 
of vapour, and the charge cairied per unit muss is 96,440 
coul(»mbH m electrolytes, 98,()(M) in vnpoui-s at 1,4(MP (\ t)ii 
the other hand the negative ions in flame have a velocity of 
10,000 cm. a second, and are piolmbly fiee electrons; the 
positive ions of any alkali salt move at 60 cm a sei'ond. 
Neglecting the inertia ot the negative ions and their viscous 
damping and considering the ])ositive ions to be too 
massive to move, the expression derived for the change ol 
apparent capacity per unit area caused by i ondu(*iun<*e of 

the medium is / ^ , where n is the number of ions per 

per sq. cm. and s the charge on each;^ Vo is the maximum 
voltage daring the cycle. The apparent capacity is therefore 
independent of frequency. 

In the ease of electrolytes the velocity of translation is 
much less than in flame, but the concentration is so much 
greater that the apparent dielectric constant will, when 

* The Eleotrioai ProperfclM of FlmM and InoondMoent fiolidi. Prof. 
H. WiUon, F.R.8 UoIt. of Loud. Praw, 1012. p. lOfi. 
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nuMsured, be piobubl^ found to be higher in conducting 
liquids iban in tbeir vapuui*H at bigli tomperaiures 

The facts may be summarised as follows Tlie dielcc- 
trie coefficient of a conducting dielectric, found by observa- 
tion of the charge in j condensoi buying it as medium in 
contact ^ith metallic plati^s, is propoihonul to the product 
K/>, the current density being constant The dielectric 
coefficient of such a medium should b<* theoreiically inde- 
pendent of frequency; the obseived coefficient for water, 
measured with the liquid in contact with the terminal 
plates, IS independent of frequency . 1"he ])roduct Kp in saline 
solutions d(M teases nearly in pio|Huliou to the resistivity, 
and lastly, when the etiei (s oi conduction (Miirents aie elim- 
inated the obseived dieletdiic (*oethcient is much reduced, 
approaehing thaf ot a perfect dielectric with K 

It IS now suggested that the high values ot K, for water 
and alcohol for example, should be considered as an effect 
depending more ou the electrical conductivity of the 
medium than upon true polarisation, that is to say, more 
upon the rapulily uiUi which the electrical confaguration 
in the molecule cun take up new jKisitions than upon the 
magnUtide of the change. The conductivity considered is 
that of electronic mobility within the molecule rather than 
of ionic mobilitv thiough the fluid Tlie resistivities of u 
number oi solid tUeUntiics have been deteimined by the 
moAement of charge in a suspended oUiiisoid,® and agree 
closely with those obtained by other methods, so that, even 
in bululs, lesihtivity to |)otarihatiou is an important tactoi. 
In conclusion it may be remarked that in the Clausius- 
K — 1 

MoHsotti formula £ = ^d, the density d might well be 

replaced by the conductWity 9 , for the general expression is 

2 ** 'SV~' ^ whi(‘h N is the number of electrons in unit 

volume each carrying a charge ^ /' being the intensity of 
the elastic constraint caused by the other electrons in the 

'Proa Phy*. 800. Lond,, vol. xxii; also Phil. Mag. MSMIsJUO. p/dOft 



same molecule* Tbe exprension mifcht with equal truth bo 
K— 1 

written 2 * provided that there is no change of 

physical state. There ai‘o at present no experimental values 
oi both K and <r reconled for any substance at difierent 
densities. In the case of conducting dielectrics it will be 
necessary to measure the coefficient E by a suspended 
ellipsoid or slab method, by which ionic conduciion currents 
are prevented from flowing 
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Thk Time-Averaor Value of Uranium and its 
Connection with Geoix)qical Time Measuhe- 

MBNTH. 

Uy Robmrt W Lawmon, B.So. 

[Read November Slat, 1912.] 

Thnt lend is tin* ultimate product of disintej^rafion of 
uninium ih now tairly well eslablirthed. It follows that^ 
provided wo kiujw the rate of prtMhiction of lead per annum 
fmm one ^nini of iiramura, and the amount of lead and 
uranium now present ni a primary uranium bearing mineral, 
it iH possible fiom these data to find the age of the mineral, 
.iiid thus of the igiuHius rock from which it ha^ cryirtallised 
Tins method ol del ei mining the age ol minerals was used by 
ILolmeh^ in 1911 tor ninierals ot Devonian age, and results 
for older minerals woie given from data provided by 
Boltwood.** The expression used by Holmes in the age 
Pb 

determination x 8,200x10®, this giving the age in 

years. 

The deca> of uranium follows an exiionential law (see 
Grapli 1 ), so that the rati* of disintegration at any time is 
propoitional to the amount of uninium piesent at that 
iiwtunt. Now during the time succeeding the formation of 
u uranium mineral, the (piantity of uranium ^present, and 
hence also the rate of production of lead continuously 
decreases. Consequently, knowing the quantity of aocu- 
mulate<l lead, we cannot use the initial or present rates of 
pixaluction of lead per annum in determining the age of the 
mineral, us these are respectively too large and too small, 
and result in deticit or excess ages. It therefore becomes 
necessary to use •a mean value of uranium content corres- 
ponding to that rate of disintegration which, if continued 

' Holmes, Proe* Boy. 8oc. A.^ 1911, vol. 8S, p. 249 

'* Boltwo^, ilm. t/oar, 1907> p. 77. also A. Holm«h ** The Age 
of the Sariht** London, 1918, pp. 157-102. 
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uniformly throughout the period eoncernal, would give the 
existin^f quantity of letid. This mean quantity of uranium 
is (‘ailed the “ Time-a\eiajfe Vailue,*’ and may lie repre- 
sented by U». 

In hib cideulatiouh. Holmes used tho arithmetic mean 
between the initial and present amounts us an approximation 
for fhe time-jvernjre value of uranium in the mineral. It 
seemed woith while t6 invest ijiate the error so involved, and 
the jiresent woik was undertaken with ihis end in view. 



A mathematical expiebsion for the true time-average of 
uranium can lx* obtained as follows, where 
U, =- original uranium content. 

Ur -=» amount of uranium remaining after i years, 

X =3 disintegration constant of uranium. 


The amount of uranium disin- [ ^ y 
tegrated in t years. * 


Also, using the value of the rate of disintegration corres- 


ponding to the time-average value of uranininy we hate 
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Total Disi'nic^f ration in / yearw 



X. XJfM* ^ 

Now (i.) and (ii.) are equal, whence 
U # = X XJiw i 

Or, Time-Avprnfto Value ot TTruniuni (Um) = 


(Calculations baaed on this formula indicate that in K^neral 
tbe time aveiugo value of uranium is less than the arithmetic 

mean value, — The difference, however, is quite 


inappreciable exc/ept over extremely long periods of time, 
and from the table of results which follows, it will be aeon 
that the error increases fairly regularly with the time. 


Tablk or Rihui.tb. 


I 

n 

in 

IV 

1 V 

r mU^Twnk 

UtfU# 


Uam u# 

FAcUM’ 

U/ 

^ 

0 

1-000 

1-000 

1-000 

' 1-009 

30 

0*006 

0-008 

0*098 

1*002 

70 

0*090 

0-990 

0-006 

1*006 

100 

0-986 

0-093 

0*093 

1*007 

aoo 

0-072 

0-986 

0-066 

1*014 

fiOO 

0-933 

0-966 

0-960 

1*086 

300 

0 89 B 

0-046 

0*947 

1-057 

1000 

1 0-870 

0-034 

0*086 

, 1-074 

1200 

0-847 

0*022 

0*028 

1 1*060 

1400 

' 0-824 

0*000 

p -012 

1-108 

1000 

' 0-801 

0*807 

0*000 

' 1*120 

1800 

0-779 

0 885 

0-880 

1 1-130 

2000 

j 0-708 

0*874 

0-870 

L ‘ 


It will be noticed that for a period of 2,000 million 
years the error involved by using the arithmetic mean con- 
tent of uranium in the mineral barely exceeds one-half per 
cent. This introduces a corresponding error of one-half 
per cent, in the age of minerals of the order 2,000 million 
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years. A further indication that TTolmeft’ assumption is 
justified is to be found in the tact tha< the part A H of Graph 

is practically a strai^lit hue Thus the rate ot decay ot 
uranium alters very little diirinp so louf? a period as two 
thousand million yeais 

In the above table. Column IT. represents the proportion 
of oriprinal uranium remaminff after a time t million years. 
Columns III. and IV. lepiesent resjiectively the relative 
time-averaftc and aiithmetic mean values of uranium for the 
times indicated. The last (‘olumn ^ives the time-average 



factor, /.r., that factor by wbicb the present uranium con- 
tent of the mineral must be multiphed m older to obtain 
the time-aveiage value. Gnijih 11. has been obtained by 
plotting this factor against time. 

We may now consider three possible methods of apply- 
ing the results hitherto obtained in the determination of the 
age of minerals. The first of these is the method used by 
Uolmes, and possesses the advantage of quick application. 

(1) The disintegrated uranium is regarded as going to 

* Gx«{A L has been plotted from the relation U/ = U« . e The 
half period value of uranium, t,e,, the time required for half the original 
oraninm to disintegrate, u 0,000 million years, wbenoe the oonstaat X 

readily be shown to be gnuna per gram per aunumr 
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form holinm and aroordinpr to the relation 

U->aHe + Pb . 

^ 32 206‘fi 

W1ienc*e we have 

r, - U, = 8 Ho + Pb. 

3=- I'lf) Pb (numerically). 

T}n«i is tlie oApiosHion uhocl by llolnieH in the publication 
cited, and from which he reudily denves 

lIi4-^ = U, + -676rb 

= arithmotic mean value of uranium. 
From the result so ol>t timed Ihe ujfe of the mineral can bo 

Pb 

found by direcf suhatitufion in -p x 8,200 x J0“, or, assum** 

ing ir*„ := TT„„ by first finding the value of for the 

mineriil, and then referring to (Jiaph IT 

(2) Otherwise, an idea as to the corrcc‘t oider of maRni- 
tude of the age would tirst of all be oblained, using the pre- 
sent uraniuni ( ontent By reference to Graph IT. the factor 
corresponding to tluB age i‘ould be obtained, and hence the 
time-avciage Vtiliie of uranium for the mineral, which would 
lie used to give the more accurate time measurement, 

(It) Obviously, the most aci'iiiale proceilnre would be to 
use the arithmetic mean value of uianiiirn to give the approx- 
imate age of the mineral; then from the graph obtain the 

factor ^ corresiMinding to this age, this in turn leading 

to the more (wrect time estimate. For minerala of age about 
4(M) million years, these last two methods give the same 
result, whilst for minerals whose age is about 2,000 million 
years, the error involved , by use of the former method 
amounts to less than one per cent 

Since the present paper deals with what is found to be a 
small correction in the radio-active method of determining 
the nge ol minernls, perhaps n brief oonsideration of other 
sourofw of error is justifiable at this juncture. 

It is held by many workers in the field of rmlio-activity 
that most of the lead dealt with in the present method is 
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^ongmal' nol produced leid Fndouhtcdlv lead 
enteri into the composition ol m*iny of the secondary 
nr^inium minerals and it is owing to this fact that caieful 
judgment must bo evercistd in <he selection of minerals 
wherewith todetoinnne igcs I he mineralH must he fresh 
stable find primary mineralH iinhl oly to contain much 
origin il le id The lead caught up in the mole ular net 
work of a crystal duiing its giowth would piobabl\ vary 
ffieatly from mineral to minci il ind hence wc would expect 

Pb 

the ^ latio for different minerals fiom the same magma 

to diffei Th it no appicciible \ initicn exists was (lcnrl> 
shown by Holmcn {1 < ^ O m his in il\sps of Bievig mineials 
fiom the same igneous intiusion ^ e cm but conclude that 
ai least in this c iso (lu oiiginil le id ih insignificant 
compiled with the ])reHluced leil Moreover the exces 
sivp]> high iges given h\ m iny unneialh is piobibly due 
not so much to the oiigin il lead jiesent is tc the f i t that 
in the weitlieiing oi i mineiil leal would less roidily be 
removed than urinium this ]c iling to excessive ratios of 
lend to ui mium Such miriei ils would ^ive ritios out of 
keeping with the re ogniscd se ile of tune mcl immediitolv 
arouse suspicion is to then suitihilitv for i^e deterniinations 

Owing to the piobihility tint the whole ol uranium is 
not transfoimed ilong the urinium lead senes it would 
apjHiir that the ictii il qumtit^ of iii imum^ estimated is 

In deUrmmationa of uraniam by the eolation method which wae need 
by Holmes it has been mentioned by Toly {J htf 1912 xix p 605) 

tbnt owing to edeorptioi or preoipitati n the eetixneted amount of uraxiuim 
would bo expected to be too small This point la emphasia«> I by oompatuon 
of the residls for rooks of the earth s croat 1^ the fnaion an 1 aolntion methods 
of determination of uranium &ve and Mointoeh (/ htl Mag 1007 xiv 
p 287 Proc Ray Soe ( mala 1010 3rdaenea p 67)have mveatuntedthe 
effeot M foreign aubstanoee on the amount of emanation obtained from a 
rmdinm aolntion, and their reeults together with those rf Strutt aeemtoindi 
oate that at least in tbe case of the minerala used by Holmes error due to 
thu cause must be very small n hen the melt la disMlved in hydroohlono aoid 
In the event of any anspended particles or foreign mattei in the emanation 
flaak it la fairly oertain that oontaminatum of theae with the radium preaent 
in aolntion would result in partial oooluaion of the emanation and a reaultant 
deflolenoy in the eatimated quantity of uranium In the oaae of minerala of 
r^tiveJy large uranium content it acmld thua aeem adviaable to oheok the 
determinationa of uranium by a purely ohemioal method Thla prooodore 
would immediately expoae any anoh deOoienoy 
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too largo for the nge calculation^^. It Reomfl certain that the 
itctinium serieH exists as a branc li seneH, and Rutherford' 
liHH caliuliited that appro\iinnteI> eight per rent, of the 
uraninni is thus used up. Unless the end product of the 
actinium soriea is also lead, it uill he ncceAaary to await 
accurate determination of the above pioixiition before cor- 
rection can be applied to the uranium estimate. Thai, any 
other appreciable sub-series exists is hardU likely o^ing to 
the small range the alpha iiaifnles of any such series must 
have in order to have so far escaped detection. Re it men- 
tioned that the ettect of tlie presence of sub-senes in the 
main disintegration seiies'of uranium is to make the age 
of minerals a^ determined by the radio-active method too 
small. 

Finally, since the oldest geological formations pro- 
habl\ do not c\<*oed 2,000 millions of years, it is sufficient 
to use the arithmetic menu content of uranium of a mineral 
instead of the true time-average value, tlie error involved 
for this age amounting only to one-half per cent Moreover, 
correction of this error tends to increase the age estimate. 
Referring to the other sources of error in resjM'ct to the 
lead and uianium values previously discussed, it would 
appear that the piobability ot the actiuwim sub-stuies will 
involve by far the greatest correction. The nett result 
of these corrections then, is to make the present radio-active 
age determinations minima On the other hand, Professor 
Rutherford® has suggested that the> will be maxima, owing 
to the possibility of deposition of some load during the 
formation of the mineral. Estimation of this last quantity is 
not possible, as it is most likely widely variable with differ- 
ent minerals. From previous considerations, however, for 
primary uranium minerals it would hardly seem probable 
that in general this error would annul the counter error due 
to sub-series in the uranium disintegiaiion sench. 

^ Rntherford, Radtoactivf SHhutanetn and iMr RadiatUmMf Cambrldffe, 
1918, p. 628 

* Ruihsrford, dnd. , p. 69S. 
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Ioniz ation in G aseous Mixtiih es by Bontgbn 
Radiation. 

By Lhwib Simons, B.So., (Lond.). 

[Read l>c>oember 9th, 1912.] 

In^kodi rnox. 

The process by which a pas is rcnilerefl conducting during 
the passage of itontgen Buys has been investigated by many 
experiments during re<‘ent yeai^s; the invcHiigHtions have 
thrown much light ujK>n pioblems relating to the constitution 
of matter. 

For this work the dircii heteiogeiieoiis primary beam of 
X-rays emittetl fi*oin the anti-cuthmle of an X-iay tube cannot 
be employe<l, but this beam is nlloued to fall uinm u plate of 
some element which then usiiullv emits Imth u si^uttered 
heterogeneous radiation and one or moie radiations homo- 
geneous in character. In the case oi carbon, for example, 
the scattered radiation completely masks the homogeneous 
beam if this exists, whilst in the case of silver the scatteretl 
radiation can be cut off by passing the secondary beam 
through u sheet ol aluminium 6 inm thick. The secondary 
radiator will not emit its characteristic radiation until the 
primary beam contains radiation harder, i e,, oi shorter pulse 
thickness, than the homogeneous secondary radiation^ 
emitted by it. It has been shown- that under certain condi- 
tions when this secondary homogeneous beam traverses a gaa, 
an element of the gas itself can bo made to emit a fluores- 
cent radiation chnracterisitic of that element. The same 
remarks apply also to this tertiary radiation, vi*., that the 
exciting secondary radiation must be harder, by Stokes’s 
Law, than the excited tertiary nuliation. The emission of 

' In reoent ^ork this has been oiUled the pnmery beam. 

* Bftridn, .Vo/ttne, 1909, Lxzx, p. 187. 
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this radiation by one of the gfaseous elementa is aeeompanied 
by nn increase in the conductivity or ionization and a conse- 
quent increiwe in the ubeorption of the secondary radiation 
exciting it. 

All bodies when exposed to llontgen rays emit a secon- 
dary radiation independently of the physical conditions of the 



body : that the gaseous atom of bromine or iodine emits the 
same definite spectral line of X-rays os tho solid atom, has 
been shown by Chapman, ^ his secondary radiator being a box 
with an aluminium window, containing the vapours of ethyl 
bromide or methyl iodide. The penetrating power of the 
secondary radiation from these vapours was found to be 
identically the same as that from the solid compounds of 


* PM Mag., 1911, xxi., p. 446. 
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bromine or iwHne. It is dunnfl: the emission of tins clinrao- 
terifltic radiation in the vapour itself that the ionization rela- 
tive to some simple gas, air for example, shows such a marked 
rise. The tiuorescent radiation is tlioughl to produce what 
has been colled an electronic* radiation. 

Description op App-iratcs. 

Fiff. i. shows the ffener.il aiTnnffeinent of the apparatus. 
The X-ray tube itself is surrounded on five sides by a box 
covered with lend 2‘5 mm. thick, and the primary beam is 
allowed to pass out from the front of the box through an 
adjustable lead slit S. The secondary radiator R is put in 
the path of the beam. Any instrument place<l behind another 
lend screen os shown, will receive none of the primary radia- 
tion, but only the seeondaiy radiation from the plate R and 
from the air included by the beam of primary rays. 

The ionization c hamber consists usually of a cylindrical 
box — in actual exjierimcnts chambers 1, 11 0, and 13 cms, in 
length were employc*d wliieh it» closed at the incidence end 
by a thin aluminium window, the other end being covered 
with aluminium plate or parafhn wax Now the incidence of 
X-rays upon metals causes them to emit corjiuscles, compar- 
able in every way to the photo-electiic effect, and since it is 
necessary to simplify the already complex phenomena in the 
ionization chamber, this is lined with aluminium f<ul which, 
being of a low atomic* weight, emits but a small corpuscular 
radiation under the influem*e of X-rays The aluminium wire 
electrode inside the ionization (*hamber is eonnec'ted to the 
leaf of a simple gold-leaf elertro8coj>e of the Wilson type. 
El is a second elertioscojie, the incidence face of whic*]i is 
covered with very thin aluminium foil. Ej is a thinl electro- 
scope which can be employed for finding the absorjition eex^ffi- 
cient of the secondary radiation in the gas or vapour con- 
tained in the ionization chamber which must then bo adapted 
to this special purpose. The movements of the gold leaves 
aiv» observed by low power microscopes containing eye-piece 
micrometer scales. The voltage of the leaves is not allowed 
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to fall more than a very small fTaction of the total voltage to 
which they are charged ; tlius it is oorrert to assume that the 
ratio of the deflections of Eg to gives a measure of the in- 
tensity of Hie ionization in the ionization chamber, since the 
conditions of the electroscojje Ei are not altered throughout 
the eiEperiments. This stundardizing electroscope Ej only 
becomes necessary because of the imiiossibility of obtaining a 
steady soun*e of X-ray« and consequently an equally steady 
source of secondary rays. Finally to the inlet tube of the 
ionization chamber is connected a mercuiy manometer and 
the necessary apparatus for making or supplying the gas or 
vni>our to be experimented upon,* 

It should be notice<l in passing that the term “ ioniza- 
tion ” does not ne(*essarily mean the ionization as it is 
observed in the apparatus, but the effect obtainwl m a layer 
of gas 1 cm in depth exposed to a radiation of uniform in- 
tensity throughout. Shallow layers of gas will actually be 
ex|)osed to a more intense radiation than deeper ones. 

The relative ionization of a gas in a chamber of length 1 


is given by " in the expression 

fa. 



. fl 


r 


A, 

Ao 


in which ^ is the observed relative ionization, and K 

are the absorption coefficients of the X-rays in the gas and 
air respectively. This corroc-tion is quite appreciable except 
where very short ionization chambers of the order 1 cm. in 
length are employed or where the absorption coefficient in the 
gas is extremely small. The magnitude of the correction is 
shown by the following flguros (Table I.). 


* It will b« seen that a new method ol invntigation hM been introdnoed* 
In the work previoiulv nttompted the vnponn were never experimented 
upon when pare, but wnen diluted down to etmoepherio preeinre with some 
other gee. 
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Tabu I.— Ionuibq Radiation . tub Fluorbscint Radiation 
niOK COPPBB. 


Uu 

IfllllMKl 

lji*iigth of 
Chamber 

AfaaonitkHi 

Coiff 

Olairvucl itel 
lonuatlun 

1 Rel lonl/atkMi 
CSirrotUU for 
Afawffptinii 

SO, 

116 omt. 

•134 



6-0 

11-1 

Air 

11*5 oma. 

•0109 

1 

— 



In a locent papci by PiofeHnor Darkla and uiyHeU® results 
are given of loni/ation experimentH witli the gases, air, Ug, 
Og, COg, HgS, SOg, uml with the vapours of CgHsBr and 
(JUgl In this pajicT some f urtlier experiments are described 
on mixtures of some of these. Various penetrating powers 
of the exciting secondary beam were employed in order to 
find tlie relationship between (*iiihoile and X-ray loniBution 
when the gas is excileil by X-rays harder Ihun the character- 
istic radiation from one of the gaseous (dements. Estimates 
given by various expot imeiiters of the ionization due to 
corpuscular radiation range from none to even all of this 
total ionization. The difficulty arises out of the impossi- 
bility of separating the direct, from the cathode ray, or 
indirect, effect. 


PsoBLEHs IN Ionization. 

1. The absorption of X-rays has always been found to be 
atomic, /.r., the same number of atoms, no matter how they 
may be combined, will absorb X-rays to the same extent. The 
absorption of X-rays represents an absorption of energy. 
Ionization and the emission of a characteristic and a scattered 
radiation are the only manifestations we are aware of at 
present of that energy. What, then, is the relationship be- 
tween ionization und obsorption ; more particularly is ioniza^ 
tion purely atomic P 

2. By what mechanism is the ionisation and absorption 
* PhU, 1912, zziii, p. 817. 
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iurreaswl when an element of the gas ionized beginH to emit 
its own elinraetetistic radiation ? 

3. If this radiation produces cathode particlcb, Jiow much 
of tlie total ionization is due to those? 

KX TKUIMKNTAL K h St LTS 

To the first question n peifectU definite answer cun be 
given. Ionization w not an ntoinie phenomenon. The ioniz- 
ation in a mixtuie of SO^ and H.j in equal parts was com- 
pared with that in a mixture of H^S and Og in ecpial parts. 
In these mixtures ue have the same number of atoms of O 3 , 
Ha and S, hut diffeient]> conihiued The absorption of 
X-rays in the two mix tines will therefore be equal The 
ionizations priMluced uere not equal 


Tablk II. loKiziitG Hadutios • TUB Kluobbscbnt Radutiow 
raoM SiLVBR. 


Ijcngth of 
lofiirHtHin C'luu»l> 


OorrutUHl Iooi/tlk>n 

U> Air 

Atworptlon Cooft 

At Tfl PitMi 

1 J 5 OIDS, 

Air 

1 

00077 



ifi-a 

*0060 


SO, 

12-9 

•0079 


h;bh 0 , 


■0089 


80, + H, 1 

7-4 j 

■ooso 


It will 1 k‘ noticed tiom Table 11." tlnit the pure gases HaS 
nd SOa are lonizwl in tlie reverse order of their absorption 
•opffieients, and evim in the last two experiments in which we 
socureii equal absorption coefficients, the ionizations were 
still unequal. The questionable atom in this case is the 
sulphur, for under the stress of silver X-rays it must be 
radiating, let us suppose, a fluorescent and a corpuscular 
radiation. From results described later it appears that this 


Barklft and Bimont, he, cO. 



89 


corpuscular nidiation is responsible for an equal number of 
ions in both planes if it be tothlly absorbed in tlie surround- 
inff gas. The fluorescent radiation from tlie sulphur would 
probably produce a greater ionization in the oxygen than in 
the hydrogen, so that to account for ihe greater ionization in 
HaS we are left with the ijossibility that the fluorescent 
radiation from the Ila might ionize S more than that from 
O 3 . If all the radiations from O 3 and S be absorbed 
equally in the mixtures of IFaS and Oa, SOa and Hg, equal 
ionizations should be produced, but the greater ionization 
in the former mixtuie niu> be due to the fact that the soft 
fluorescent radiation from the !!□ might ionize its combined 
S atom more than when the S atom is combined with Oa- 
Ai)art from these ('onsiderations we are bound to say that 
ionization is not atomic*. 

Ionization in Eth^i. IIrokide Vapour. 

The vapour of clh.vl bromide ui its saturation pressure 
at 0®C, which is lfl ‘6 cms. of mercury, is ionized by copper 
X-rays about eight times as much as air at u pressure of 7G 
cms. of mercury, and by silver X-rays more than forty times 
us much us ail. Mixtures of ethyl bromide and other gases 
were therefore ionized with silver X-riys, in order to see 
whether a relatively large number of molecules of a less 
active gas could materially affect the radiation from the 
bromine atom. Very little effect in this direction could be 
detected. In these experiments the ionization chamber was 
exhausted by means of a filter pump, and whilst the pump 
was still funning, connection was made by opening a tap 
between the chamber and a small vessel containing a quan- 
tity of pure liquid (^aHsllr Thus the whole of the residual 
gas could be 8 \\ept out of the chamber, which could then be 
filled to any desired pressure with the vapour up to the sat- 
uration pressure at the temperature of the room. The ioniza- 
tion of the pure vapour was first determined, after which a 
quantity of another gas was allowed to pass into the obam* > 
ber and the ionization redetermined. In no case was any 
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HfrikiDi?’ imiiiunlons effect observed ; in every ciuse tbe ionisa- 
tion of the ethyl hiomide M'hen diluted was nearly the same 
m when pure 


Tabis III— 1osi/in« Radiation Tits Ki>uoaiwesNT Radiatioii 
KhOM SlLVSH 


T.ntxth nf 
( hiMnW 

I 

' Mixture lotiuu^ 

Bel loDinOiOD 
Correrbed for 
AfadorptJon 

lonlaUon of 

o» 

lonlnfcloB due 
to 0. U. Br 

IS oms. 

i U.H.Bt ItM 

M4 + 0 

S8‘l 

0 

8S1 


,, 48 8 omH. 

302 

0*9 

S5-S 


' „ +HO,48 8 „ 

42-8 

! 

7*4 

S5-4 


1, +H,S48'8 ,, 

46’0 

9*8 

86-2 

1 


It 18 apparent from the figures in column 6 that the 
ionization in ethyl biomide alone isi nluays slightly greater 
than w'lien the vapour is mixed with another goa, after the 
ionization due to the gas has been subtracted from tbe total 
effect. The magnitude of tbis fall is not very marked for 
two Hucb dilteient biases as hydrogen and sulphur dioxide. 
These results could he accounted for by two theories : ( 1 ) that 
there is no coipuwular uKliution trom the bromine at all, 
(ti) that if there he a cathode radiation from the bromine, 
its ionizing effect is the same m IIj, SO^, HaS and even in 
( aHsllr itself for (oinplelc absorption; and it would be ' 
completely absorbt'd in tlie dimensions of the gas chamber, 
except at the margins. Although the actual presence of a 
cathode radiation has not yet been shown experimentally, 
the liiTst thiHiry is not so tenable as the second, since we do 
know tlmt tlic bromine h emitting X-rays, which has 
always lieen asHOciate<l with the aeeolerution or retardation 
oi a eorpu 8 <dp. 

The above results suggesied a further series of experi- 
ments in wbu*b varying quantities of th^ gases were mixed 
with a standard quantity of ethyl bromide vapour. The 
results are shown in Table IV. 
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TABLB IV,— LcNOTU or IoMIXATION OrAMBBB ^ 13 GHfl. Az.OHIiril7M 
Wdtdow and Kevd. SiiiVbb Kapiatiok 


oi 

Obaerrod lonisaUon 

CorreeWd loauatum 

loaixftUuQ duo to 

CiHaBt ud 

U, Air or UO« 

Of CaBftBr ond 

ofC,U«BTftnd 

OkHftBrla 


H. Air HO 4 

H. Air BO. 

H, Air 80» 

6*4 f 0 

11*4 n -4 11*4 

12 2 12-2 12-2 

12-2 12-2 12-2 

» ^ S 20’3 

10*9 11*8 13*6 

11*5 12*2 14*8 

11*6 12*0 ]2'2 

+ 40*8 

11 1 11*2 16*7 

11*9 12*1 17*2 

11-9 11-7 12*1 

+ 61-2 

108.11*6 18*0 

I 11*5 12*7 19*9 

11*6 11*9 12*2. 


Ionisation at 76 oms. preasure of *04i Air 1*0| SOj = 9‘6. 
AfAc\H»Br+ H, - ‘00142 + 0 x pflt 

, A«ACflQABr+Alr = *00142 ;>c3,U,Br + 0 00001 PAir 
A«XrgH«Rr+BOj = *00142 l»CbH*Br + 0*00014 p HOb 

The nuraborH m roluunm 2, imcl i are the ioiii'Aations 
in the mixtures relative to the ionixation in air at a preMuro 
of 76 cms. of mercury. Oolunin W has been obtained from 
column 2 by using the absorption coefficients found from 
the above three expressions deduced from the results of 
Uarkla and (^oilier p is the partial pressure in centi- 
metres of mercury. The lust column was obtained from 
(*olumn tl by subtrwting the corrected ionisation due to the 
Ha, air and SOa respwtively. It will be noticwl that in the 
case of hydrogen no quantity has been subtracted; this is 
because the ionization in hydrogen even at atmospheric 
pressure is (juite inappreciable compared with that in 6*4 
cms. of ethyl bromide 

From the constanc;y of the results in the last column, 
even in cases where there was a greater percentage by 
weight of SOa prasent than CaHaBr vapour, we can say that 
the cathode radiation from bromine produces the same 
number of ions in CaHalir, Ha, air and SOa and probably in 
any gas for the complete absorption of its energy : for let us 
suppose that the ionization in SO9 by cathode rays is very 


’ Phii^ i/ap., 1912, xzm, p. 997. 
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much f^rcater than in TI^ for lomplete absorption, a very 
much ffroator variation tliun fiom 1^2 to 115 woultl have 
boon obtained lor the ionization due to (i 4 cms. of CaHoBr 
toffethei iJiith, in the first coae, f>l 2 (ms of SO 3 , and in 
the second case, Gl ’2 cms. of IIj In the former case we 
have by far the greater jiart ot the cathode rays absorbed in 
SOa, wliilst in the latter it is piactically all absoibed in the 


lOMZAlION nv Catiiodk Ua\s. 

We* made a fiat bov loni/ation cliamber iS cms. square 
and 1 cm. deep The laces weie of cut caibon plates 16 
mm. in tliickiiess whidi, in one pait of the expoiiment, 
were covered on the inside with ordinal y gold leaf. The 
ionization produced in the contained gas when the interior 
faces were ot caibon was due to the X-iadiation cliiefly, but 
when of gold to an intense cathode radiation emitted by it 
when subjected to a beam of silver X-rays. 


Tabui V'.— OoapTJscuLAK Ray Ionization. 


Om 

ObwTea lunl/atton 

OlAened Inniimttoii 

looirolifMi duo Ui 

Oortma VikdA 

Gold Ends 

Corpuflt ul«r RjuUtthm 

HJ3 + 0, 

638 

15 7 

9*32 1 



>R«tio=l 20 

SO,+H, 

ft-74 

13 6 

7-76 1 


If the cathode ladiation fiom the gold was absorbed 
equally in the two mixturos, then the ionization produced 
was practiculy the same us that pioduced by any type of 
X-rays On llie other band it should be jHiinted out that 
Kleeman® has obt«uu(Hl results for the relative total ioniza- 
tion produced when cathode lays from gold are completely 
absorbed in widely differing gases, these relative total ioniza- 
tions differ by a small amount, 

" BarkU and Simoni, loc, eit. 

• Proc. Jtoy, Sloe, A., 1910, vol. IzxxIt, p. 21. 
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Owen, too, huH shown*® tliat the total number of ions pro- 
duced by bomogeneouh beams of X-rays of ecjun] intensity 
is the same in the Koses (*<)□ and HOg for any particular type 
of rays. Exactly the same remarks apply to the ionization 
by the o particle We see therefore that cathode rays 
possess many properties similar to those of X-rays. 

If we assume that all the ionization in (’’allaEr is direct, 
we should have to suppose that 40 molecules are ionized 
during the passage of silver X-rays relative to air, to 8 dur- 
ing the pnssa^ of eopiier X-rays. 

If the total absorption of cathode rays produces the same 
number of ions in any jfas, / r , if the total ionization due 
to a corpuscle is proportional to the number of collisions 
with Buiiounding molecules and not ilependent on the nature 
of the molecule struck, we arrive^ at a satisfactory expression 
for the ionization pioduced in a mixtuio under any conditions. 

The ionization in a mixture of ('jII^^Br and another gas 
when no fluoros<»ent X-r.iy spcndral lino is emitted by any 
element of it is proportional to 

-I- ijWgMa 

in trhich /tti and /ig me the ionizations relative to air for the 
CaHfiBr and gas respectively, for the same expenditure of 
X-ruy energy, and itg, are the muss absorption coefficients, 

and V, are the masses of CgHgBr and gas per c c. 

The ionization m a mixture when cathode ray ionization 
is present is 

since the number of cathode particles produced will be pro- 
portional to and one cathode particle produces n ions 
in any gas. This expression is strictly additive and will 
account for the results m Tables II. and lY. In Table IV., 
column 4 is represented by this expression without the 
term, it is therefore constant if M] is constant. 

** Proe, Roy, 8oc, 1912, voL Ixzxvi, p. 438. 
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In thin ptipor some farther experiments are described on 
ionization in gaseous mixtures under a new variety of con- 
ditions. 

Ionisation by X-rays is not an atomic phenomenon such 
08 is the absorption of X-rays. 

If a larjfe amount of the ionization in a mixture of ethyl 
bromide and another gas is due to a eorpuacular radiation 
from the bromine, tlie ionization produced by the total 
absorption of these corpuscles is the same in any gas. 

Corpuscular rays or cathode rays possess many properties 
similar to those possessed by X-rays. 


My heartiest thanks aro due to Professor Stroud who has 
afforded mo every facility for carrying out this research. 
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On the Synoptic Aspect op Reauty. 

By J. Treodore Mek/, Ph.D., D C L., LUD. 

[Read February 6th, 1913.] 

In a paper which I read some lime apo before this 
Society 1 dwelt uik)ii a general tendency of philoHophicul 
tbouj^bt during the latter part of the nineteenth ceutury. 

lu the third \oliune of the “History of European 
Thought ” I have, lu heveral puHSii^cs, referred to this 
tendency of thought and 1 shall have still fuller opportun- 
ities to do 80 in the fourth volumt^ which is now in pieparo- 
tion. 

In writing the History of Thought dining a c*eTtam period 
it seemed to me essential to settle in my mind two points : 

Eirst. Hefoie a review of the wliole subject of Philo- 
sophical Thought could be attempted it seemeil 
important to fix, us it were, the imsition in time 
and thought from winch a survey could be made. 

Second. At the end of the survey or the narrative it 
would be desiiable to bring out, if possible, some 
definite nspwt or aspects on wliicli the various 
couises of thought appeared to be converging. 

It is inevitable that the fixing of these two definite 
points would be, to n large extent, suhj'ective ; for the writ- 
ing of history IS much moie of on art than of a science. How- 
ever, as in every other art, a large amount of science in the 
form of method, knowledge or erudition is wanted, so also 
in the writing of history a large amount of scientific prepar- 
atory work is required ; and yet such, bo k ever so complete 
and thorough, woiihl remain unsatisfactory if the artist or 
writer did not choose a definite position from which to 
survey the whole of liis object or did not bring into focus 
the image which it had produced on his mind. 

So far as the first point is concerned, the selection of a 
position from which to make my survey 1 have, for reasons 
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which to some extent are pernonal, choHen the middle of 
ihe century as n convenient position from which to look 
backward and forward, and I have identified this position 
to n Inrffe extent, tbouf^h not altoffother with the name of 
Lotze. I have indicated this in the early part ot the third 
volume and followed it up in suliHequent chapters. 

The second point should naturally be brought out with 
greater clearness at the end of the forthcoming volume 
which shouhl close the History of Philosophical Thought. 
Tnnsmuch, however, as I have hud to depart from my orig- 
inal intention of publishing the tvo volumes together, I 
have felt the necessity of anticipating, in the interest of 
my readers and ciitics, something of what really belongs 
to the (•losing chapter of the second section, i.e,, vol. 4. 
1 may here state at once that, when unsweimg the question 
us to the general outcome or tende!u\> of the philosophical 
tliought of the century, I bliall have, in many points, to 
leave behind me the position taken up in the course of the 
exposition and show that we seem to ha\e more recently 
got beyond the position and the formulas of Lotze. 

In this pajicr then I do not propose to identify myself 
with the Lotzian aspet‘t in the same degree as T have 
thought it advisable to do in the History, but rather to 
bring out that tendency which is more clearly revealed only 
in the latest speculations, and this ]>eihaps most promin- 
ently in this country, though the first indications of it are 
to be found independently in the pliilosopbical literature of 
the three countries in whicli I am more immediately inter- 
ested. 

In the paper I refer to I desin»d to elicit the opinion of 
my hearers and readers us to a definite tcim under which 
to designate the tendency I had in view, Inimedintcly after 
writing it I came across a term in an early tract of Auguste 
Comte's which, though I had, both there and in some of 
Mill’s reviews, read it before, had at the time not impressed 
me with its value and importance. The term used is the 
of things and Comte distinguishes the vue 



47 


d^efisemble and the esprit (P ensemble from the vue and 
the esprit de dHaiL The German lanjfua^e can trans- 
late this as: Das Heisammen, ihe literal translation into 
English 18 what T used m the paper referred to, the 
** Together ” of things; however, my friend, Prof. Sorley 
of Cambridge, has in corrosiMiiidence suggested to translate 
the vur or esprU d'ensemhfe by the term “ the synoptic aspect,” 
and this I have adopted, as will lie seen in various passages 
of the volume just published 

The aspect which T want to bring out, and which we will 
call the synoptic H 8 i>ect, has Iwo sides in the same way ns the 
words “view,” “sight,’* “ sensation,*’ “perception,” and 
their synonyms in French and German have an objective 
and a subjectne side with an equal or an unequal emphasis 
on the two sides. We may sjieak of a “view” or a “sen- 
sation ” meaning «i dehnite thing or object and we 
may use the baiiie terms denoting a subjective state 
or activity Of all the te^ms which may he employed 
in the three languages, combining tlie tw^o aspects which I 
refer to, the German uoid Ansilianaiuf is probably the most 
expressive and in its tuitlier definition as Gisammt- 
nnschainwg it is probably the best equivalent to the (Jreek 
word which I have adopted, vi/., Synopsis, and to the French 
viit d'tnsimhle, 

lluskin haSj in a remaikable passage at the clo'^e of the 
third volume of “ Modem Painters,” useil the word Sight in 
this sense, but his remuik has not received the attention nor 
the word Sight the currency which 1 think they deserve. 

In my former I dealt with the ensemble or 

“together” of things in the objective sense. I there main- 
tained what had already been suggested by Goethe on 
various oceanioiis hut notably in a remarkable jmssage in 
his well-known treatise “ On the Metamorphosis of Plants ” ; 
that the things of nature in their natural “together” as they 
are presentecl to us contain something and impress our mind 
in a way which is destroyed by the scientific process of 
analysis .and not regained by the scientific process of 
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synthesis. With this in view I now propose to contrast the 
process of synopsis with the combined activity of the analy- 
tic and synthetic processes. 

I also mentioned one reason why M*ientific oi logical syn- 
thesis does not succeed in recovering the position from which 
analysis started. This was the fact that analysis cun never 
be complete and that, in consequence, synthesis always 
starts, 08 it were, hnll-way. As analysis can never resoh 
the end so synthesis can never find and start fnim the 
beginning. What this something is which we Ipse in the 
process of uuulysis and cannot regain by the process of syn- 
thesis, that something which is given to us in synopsis, is 
difKi*ult to say — jiciliaps it is im|)o 8 Hihlo as any attempt to 
give it expression ^ould ha\e to be earned out in terms of 
language ond this itself originates in a combined analytic 
and aynthetie process The only way of getting at this 
something is to look at the thing, to contemplate it, to gain 
a synoptical view, the (TfmjiniUar^srlunnmif \ this, I need not 
specially observe, is pre-eminently the uoik of the artist. 

But it is not the artist alone who relies moie exclusively 
upon synoiisis. Mony of the great discoveries in science 
have originated in quiet observation and contemplation, 
perhaps even in an artistic rendering of things natural. A 
friend of mine, u distinguished Professor of Biology in this 
Pniversity, told me only the other day that, when resting 
during his holidays from the analytic work of his laboratory, 
he takes to the brush through it to commune with Nature. 
Now although it is impossible to state in words, or at least in 
prose writing, what that something is which is revealed to us 
by Sight and which we cannot full> grasp by the scientific 
processes of analysis and synthesis we may yet point to cer- 
tain results which are occasionally gained by naturalists 
when they give themselves up to the contemplation of, and 
the communion with Nature, and which must be greatly 
assisted by the artistic faculty. They see definite things 
whic»h they did not see before and they see relations of things 
which did not occur to anyone before them. It will ot once 
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be seen that in both these oases Sifrht has led through 
attention to clearer definition and to new combination 
resulting perhaps in a scientific HynthcHis The former pro- 
of clearer definition may be teiine<l a differentiating or 
anal3rtic process and a great part of the work of science and 
its advance consists in fortifying the human mind so thot 
it sees more clearly and distinctly. This does not refer only 
to the fortifying of the physical senses of seeing, hearing, 
etc., but also to what we term feeling and, in general sensi- 
bility, both of which can he made more acute and efficient 
by education and practice and, in general, by what we call 
culture. 

I now wish lo direct attention to the subjective side of 
our sensations. The (*ommonaense view sees in sensations 
such as, e,g.f the sensation of a colour, two things, the out- 
ward existence of the colour and the subjective perception 
of colour This view, this duplication of something seen 
and the seeing of something cannot according to a modern 
school m Psychology —be uinintained At the moment of 
perceiving the perceived and the pen^eiving are identical, 
Ttis somewhat difficult clearly and fully to grasp this truth, 
but it seems to me to he fundamental and has, T believe, 
only clearly been brought out in the course of the last fifty 
years by psychologists such uh Mach, Renouvier, James 
Ward, Shndworth Hodgson and otheis. Without wishing to 
identify my own way of expressing this fact with the exact 
manner in which any other psychologist has stated it, I may 
merely say that as an historian of thought I have been 
influenced by the statements, remembered or unremem- 
bered, of many other thinkers. 

For my present purjicee it is unimportant whether we 
take np the commonsense view implying a duality between 
the outward thing and the image corresponding to it in the 
soul of the observer or whether we adopt the modem 
psychologist’s view according to which there is only one 
original datum, via., what Ward and others term the 
presentation” or ” sensory” continuum. Both ways of 

4 
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npproarliinp^ the pHycliolojfionl piohlom bnve fhoir special 
(bffirulfy The first or duulistir view, wliic^h is adopted in 
an extreme form in jHvcho-pliyflies, lias to answer the quea- 
tion : How do the e\ternal ohps*t and the ititernul senaation 
correH])ond ? It has, as it were, to brin^ tojrether, to con- 
neet somehow, the two data witli which it starts The 
other, or monisth' view, which in an extreme form is repre- 
sente<l by Ernst Ma(*h, but ^\as suKResled already but 
not earned through by Hume, has to answer the question : 
How does the one oiiginal datum, viz , tlje presentation 
continuum, come to be separateil into the inner world and 
the outer world. 

And here 1 may lenuirk that, leaving out ot (*onsidern- 
tion the speiual difficulties, both |>ositions. though perfectly 
legitimate, coinuut a mistake if eithei of them start with 
the assumption of definite isolatinl things or definite isolated 
sensations Such ncvei exist in reality hut are the pnaluct 
of a process ot ahstiaction In otlier words, the synoptical 
aspect, the “togethei/’ the niMnnhle, refers as much to what 
we may teim exteinal ihings as it does to what W’c may term 
internal things or sensations The prius and beginning is 
always a synopsis, and this has been clearly stateil, so far as 
external things aic conceincil, by T^otze when he says “to 
exist means to stand in relation”; and, so far as internal 
things or sensations uie concernetl, by James Ward when he 
points to the presentation or sensory continuum 

Assuming at present the modern psychological view, we 
have to note that the primitive and original sensory or pre- 
sentation continuum becomes difterentiated in the earliest 
stage of our conscious mental existence into two (‘ontinua, 
the internal continuum, which we call our inner world, and 
the external continuum, which we call the outer world. 

The former is preserved and enlarged through memory ; 
the latter arises and is preserved through a variety of pro- 
cesses which are complex and intricate hut among which 
the two following are probably the most important: 
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1 Onr own unrnusciouN nn<l conBoiouH restle'^nne^g or 
.wjtivity enfuiliDfir repf»tition, urtenHon, reco^fni- 
<inn, Older, repfulnritv, ote 

2. ITnconHeuuiR and eonKcious inlenwirse with others 
who nhew ua, and tell us of, tluK (*ontiiiuuin. 

Out auhjeetive and objective continua are gained throufrh 
memory, activity and interHubjwdive intercourse. Wc 
know (he outer world largely through what other persons 
tell or shew us and only to the extent that such an inter- 
subjective communication ia (losHibIc do we gam in our 
infancy and, before we aie conscious of it, a tolerably dis- 
tinct and practical view of an external world which external 
world incliules other persons and also ourselves in bodily 
shape. 

We sometimes sw it stated that there is no logical way 
*ivt of the ipsistic or soli])sistie position Against this I 
maintain that there is, tor the adult mind, no way into or 
back to such n jMisition , inasmuch ns not only the know- 
ledge of an outer world but even that of our own self is 
a(*quirod and poHsihle only by previous mtersubjeelive inter- 
course, and that consciousness ot self is not possible without 
that ot other selves and of oui-self ns one among them and 
among other things The adult person in possession of 
normal fn<*iilheH and us such also the philosopher, does not 
begin to reflect except after a length.! intercourse with 
others Of this he, in his infancy, was primarily un- 
cHinsoious; but gradually became more and more conscious. 
Tlirottgh it he has acipuriHl two (»eiitres for his thought 
about himself which wc may, with William James, Josiah 
lioyce and others term the Individual (subjective) and the 
Social self. And Vhether as a thinker he may try to cast 
one or the other ot these two selves into a shadowy distance 
or temporarily forget either of them, no sustained train of 
reasoning exists without both of them, or if it exists it 
carries, as Hume said, no conviction. 

Through intersubjective communication we, in fact, 
gain two views of the sensory continuum, two continua. 
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and thane do not coincide with each other. In order to 
realiee the internal eontinuiim maintained and enlarfired 
throuf^h memory, with or without present KensationB, we 
have to shut out or forpret the external continuum, and in 
order to describe and eompiehend the external continuum, 
we have to cost aside or forfi:et the internal one. Both 
procpsseR are extremely difficult and can only partially 
be carried tbroufrh The two continxia are ever and always 
being intermixed, they intrude on each other, and the 
training of acience especially is to get rid of the subjective 
and regard only the objective continuum. " 

On the other side the demands of prai^tical life necessitute 
and encourage the continual alternation of the twt) aspects 
of things, and we may say that the object of all serious 
thought during life is to bring the two aspects together and 
into some kind of relation * similiirl) ur, when looking 
through a stereoscoiie we bring two pictures together and are 
not Hutisfied till they fall together till we gain a synopsis — 
giving us one clear view. In the case before us, however, 
this actual falling together of the two psychical continun 
never really takes place in our minds, and this gives rise to a 
coniinunl striving and a more or less marked feeling of 
mental discomfort. Whereas in the stereoscope we succeed 
in completely merging two continua into one continuum we 
only very partially succeed, in actual life and the course of 
experience, in bringing together the external and internal 
continua. To do so, we would, as it were, require a new 
dimension. In other words, the practical continuum of our 
conscious life includes an inherent discontinnity as also (it 
may be noted), consciousness itself includes the phenomenon 
of the unconscious. 

But it is not necessary for my present purpose to describe 
— even if such were possible — ^more minutely the complicated 
proces8«i through which conseiousnesa of others and of 
ourselves gradually emerges out of the chaos and bewilder- 
ing complexity which must confront the awakening and 
growing sensibility of the infant mind. 1 wish to dwell only 
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upon the fact that if ^ hat we see and the seeing of it are piim 
arilj identical and become duplicated only through luemoiy 
and intersubjec tive mtercourhc that all the pioperties ot 
what we nee (taking Sight in the laiger sense of An8(hauung) 
must belong likewiHe to the seeing mmd» the mind being 
practically merely the conscious continuum oi sensations 
perceived in time and preserved by memoiy 

There exists then a synoptical view not only of things 
outside of us but also of our own selves The totality or 
Together ’ of inner experience — du SelUsan^chauvng — is 
more, and something else, than the sum ot its differentiated 
or specially noted and remembered parts or incidents 
Language possesses seveial terms to denote this, but the 
word ‘feeling which may occur as ippropiiatc, does not 
denote it toi feeling may mein x very clehnite and isolated 
sensation Woids like tlie state of mind,” the * mood ” aie 
more applii able to denote the synoptic al aspec t of our inner 
self, and 1 muiutam thit such a synopsis is the piius of all 
conscious life and that this is developed or resolved only by*^ 
the acquiied processes of differentiating of analysis and 
subsequent synthesis This initial Hvnopsis is what we teim 
the ‘ 1 oi Ego, the unity ot the sensory c ontmuum It can- 
not be fuither defined but it is aluays theie os long as con 
sciousness exists and attention to its separate poits or ele- 
ments IS a subsequent and acquiied performance 

In a very distinct way we may thciefore maintain that 
dll that a closer contemplation of nature, ihiough the forti- 
fying of our senses or the processes of intense thought reveals 
to us is, us it weie, theie ” in our minds oi in the minds of 
others who are able to point it out or reveal it to us, to make 
us see what we did not see before, explaining or interpreting 
m this way what was unobserved, but neveithelesa hidden 
in our original svnopsis This view is very much the same 
as that expressed by Leibnis when be said that the ” Monad ' 

IS a mirror of the Universe 

1 will now proceed to give some illustiations of this 
synoptical aspect shewing how it bears upon sundry practical 
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und pliilosoplut 111 iHohleniH \ tluit under tin** term T 

wish to bnnp: out the following two points 

1 That synopsis e\eiv^heie pietwles anahsiH and 

syuthesifl and that 

2 Tt leveals oi ( ontaius inoie than anal>sis and s\ n- 

theMis can ever discoMi or deal with 

I stated hefoie that the \ieu> 1 ha\< bt'en tiyinjf to 
t vpound hav4 been undei the indueiKe of othois 

whose spec Illations T have htudiid and ))aitly^ assimilated I 
must now add that the\ are saiinsl epute as much throuf^h 
praetic al expei lenc e 

tact has heeu more deepiv impressed on rn> mind 
throu^ih practical eMHiiemc, c k inittcis of business 

than thf ^uat chftcicncc which exists amon^c persons as to 
then capacitv ot taking the synciptic vuw of things oi, to 
(*\piehH it in everyday language, of grasping the aftaiis 
they have to do with is i whole ic'ganliiig always in the 
light ot this svnoptic vuw the details which come before 
them, leteiiing the latter alv\uvs hick again to the compie- 
hensivc aspn t winch is, as it wuo, evei present and at the 
back ot their minds This mental ittitucle ih iwuIibt to, and 
tully develojHd in, c oinpaiatneh tew minds and it is they 
who are the orgaiUhorH ot huge en1eipiist‘s be they industrial, 
commeicial, social or iiulitiial they are essentially Iht 
administi itive minds 

Not Ic^s Tiiic and impoitant toi the piogieHsoi alVauH are, 
of couifce, those other minds who h.iye an eminent faculty 
for roncentrating then attention upon single jKunts eunying 
the processes ot ahstiaction analysis and subsequent syn- 
thesiH to a high degree ot ]Hitection but these uio rarely 
endowed with the synoptic faculty which always sees things 
in their Together and never anything, howevei important, 
in isolation, torn out of its context in the real world be that 
natuire oi human society 

Those who belong to the former i lass, those wlio possess 
the genius of combined analysis and syntheHis, may bo the 
originators, but those who take the comprehensive or synop- 
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tual aic the suttessful orginiHtis \m\ admini^ti itois 

in prut heal life Ihe working tlisbes who i lule ami 
tipernlly in icccnt limes ue dincn to Hjiet iili/ ition and 
likewise man^ eminent txi>erts in the \its ihe St lent ts md 
the Professions do not suffitientl> ippiitnte low indispcns 
able aie thi orgini/ing minds Vs i ruU the\ ippiunti 
the oiiginiting fut ulty in flu distoNeui and tht inventor 
inismuch is these protlu e something th it is utml but 
they ruToly ippruiate exceed sometimes liter ptinful 
experience the work of the oigini/ei us utoidiiig to tluii 
view he does noi pioduce iii> thing mw hut only dt ils with 
things md knowlcdi^e whit h he letencs trom outside oi 
from othtis Then conception ol tin business pixihltm is 
milogous to ( iii>h s dehnition oi tiu pithlim oi polilu il 
iionom^ (iiven i sta iet> tonsistiug oi fools md knives 
how to produce cffuiemy iiid honest> thioUp,h then tom 
hined efloit ^othlng is nioii impoitmt in the pnMiit 
day when we lieu so much about (o optidtiun munuipil 
md st ite enterprise thin to iinpitss upon the masses the 
impossihilty oi siutessiull> miniging any liii,e aft ins 
Without setuiinj^ nid tiusting m the work oi toinpitheu 
sive niintlH who jossess the gi isp 1 1 things who iikt wh it 
I cill the s>noptK view who h ive the tspnt d p/j tvihlt tlie 
(rfsammtan chaau g who sec with (iuu minds eye tlie 
whole befoit tht> tlestend intt) paits md detail 

Coming now to s^Htiil philosophu il piublims 1 see in 
synopsis the origin oi oui idei of Seli not oi whit seli 
tonsisia m hut oi the sell or I whit h is alw i>8 piesent 
with us iorming is it weie tlu bickgiouud ol oui con 
sciouR hie Tt is the fust md most iinporluni synopsis m 
our consciouH life and is noi guned by a synthesis oi 
detached expeiiences imong which t g Hume sought foi 
and could nut hnd it it is simply then as a uniting bond 
Befoie we fed md expenenit it md ue aw iie of it wt are 
not able to fix onr attention on m\ detail of sensation oi 
perception This priua of all self conscious life, this in 
temal synopeis does indeed grow or extend m course of life 
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through memory, activity, and interaubjective communion, 
but it must be there before all these other processes can be 
of any use or lead to anything. I may incidentally mention 
that 'whilst 1 appnx'iate and have been much benefited by 
Mach’s “ Analysis of Sensations,” I feel that there is a want 
in hie analysis : he does not start with the Together of sensa- 
tions as the prius but considers them only in their isolation, 
in their analysis and synthesis, which are possible only for 
the adult mind in a very advanced stage of development. 

The second ^ipplication which I would like to make of 
synopsis or Sight is that it contains the germ of the ideas of 
purpose and finality, the relation of a whole to its parts, as 
opposed to sequence and eausslitv, the i elation of the parts 
to each other. The reason why Mach has no appreciation 
for the category of finality seems to me to lie in the defect 
mentioned just now. 

A third a]>plication 1 would like to make would be to the 
ethical problem and this in the direction indicated by Prof. 
Hoernle in his critii'ism of Bergson’s Theory of Free 
Will. To explain this we must not look for a special or 
isolated intrusion of something into the mechanical order of 
things, something called “creative energy,” but we must 
look to the totality or ememble, the Together of our whole 
mental life, given to us by conscious synopsis, by Sight, 
which in this cose dues not mean a special intuition but 
simply a synoptical view. 

I will not dwell on the application to the aesthetioal 
problem which is self-evident but proceed to the most import- 
ant application 1 would like to see worked out : it is that to 
the Religious problem. As this must, for any philosopher 
who is approaching the and of bis life, be the most important 
question, without an attempt towards the solution of which 
no philosophy, as distinguished from science, is worth much, 
I must dwell upon it at some greater length. 

Let us then first remember the two essential points which 
the present discussion has tried to establish : the first point is 
not peculiar to the synoptic view. It is merely a general 
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truth that the nource of all our knowledKei thoughts, ideas, 
convictions, etc., is to be found in the continuum of our sen* 
sations, which continuum, however, contains discontinuities 
and is dependent on, and enlarge«l through memory and our 
communion with our fellow men. 

The second point which is peculiar to the view 1 take is 
this : that the continuum of our sensations cannot be broken 
up into separate distinct sensatiouH or parts without losing 
something through : 

first, the incompleteness oi eveiy such attempt, and, 
second, the loss of the uniting bond, the Together under 
which sensations are primarily presented to us. 

We proceed from Sight to definition and thought, but we 
can never, through a combination of thoughts and separate 
parts restore again the Sight or Antehauting, the Together or 
enwmble from which we started. 

If the individual human mind, developed and enlarged 
through memory and intersubjective communion, contains 
always more than the sum total of its isolated experiences 
and something which lies beyond and underneath them, this 
undefinable something must hav^' an effect on the whole of 
our thinking and doing. Let us term it for the moment a 
sense of the universe or a cosmic emotion. It constitutes 
synopsis in the largest meaning ni the term. We are, how- 
ever, never satisfied with pure contemplation, the fflirror of 
the Monad, to use Leibnis’ expression, is not a merely 
passive refiector, it contains a principle of unrest or activity. 
We desire to see more clearly and to understand what we 
see, to communicate it or show it to others, or to express it 
in words. We may term this a process of interpretation of 
our original “ presentation ” continuum ; we desire that day- 
light be thrown into the half illunminated recesses of our 
mind. 

The first and most important interpretation which is 
given ,to ns is that which we unt'onsoiously and conscioaily 
receive in our own infancy and childhood through the oom- 
mnnibn with other persons : we will term this the first and 



ino«t iinpoHnut revelplinn priveu 1 o um Hut uh Htated before 
interjiretulion or revelation eonnistfl in a breakini? up 
and subsequent puttin^r together attain of our original 
" preHentation eontinuuni, it is esnentinlly ineomplete and, 
ns it were, artilicial Tliere lemainH a ^yreal deal which is 
never interpreted to us thiouKh this revelation and there 
remains, in oonsequeneo, an unsatisfied desire lor a further, 
x\ larger and more eoiuprehensive interpretation oi revela- 
tion. 

Ah oui early instruct oi*s have intcTiircted and revealeil to 
Uh a poition and what ioa> he tor the ordinary purpoaen of 
thih life tlie inoHt im]M)rtant ]H>rtiou -of our innermont 
]KiH 8 eHHion, so the human mind, in a higher or lower degree, 
looks for an interpretation or revel.ition of wbut, from 
another point ot vievv, is even more important, an additional 
inteiiiretntion or icvclution uhich would, us it were, com- 
plete and join tojyether the incomplete and fragmentary 
revelation ot onhnai^ life: giving uhun interpretation ol the 
Whole of things, an image or a aord whicli expresses our 
innetmost experience This interpretation or levelation is 
what religion gives us and oui tadief in any specdul i*e 1 igious 
view or doctrine is the feeling that it meets this desire, that 
it opens our understanding of the tolalitv of things, of the 
ultimate Reality. 

This \ie\\ of tJie larger and deejMT revelation whirh the 
human inimi longs for and which is mure or less satisfied by 
the religious or spiritual interpretat ion of things and by the 
mreptonce ot the same, suggests many reflections and recalls 
well-known expressions and theories put forward by philo* 
80])hicul as well as by religious thinkeis. On these I do not 
wish to dwell ut present. 

In a chapter of the fourth volume which will deal with 
the '‘problem of the Spirit’* I shall have an opportunity of 
enlarging on the various utteinpts which have been made 
during the nineteenth century to deal philosophically with 
the religious problem. 



Tht»re nre only two poinK wliirli T shouM like to iirffe in 
thirt rapid and aomewlmt Kinjerfiidal nketch 

I flunk it is helpful to point tt» unaloi^ieH which exwt 
between whut I have fcntuxl the two ffreat revelntionn which 
we receive or muy receive during our litetime. Let us term 
the first revelation, which takes place unconsriouHly and 
consciously during our infancy and childhooil, the (*ominon- 
sense view of the Woild and Ileahty, and let us term the 
second and later revelation, which may come to us m the 
course of our life, the spii itual oi religious view of the World 
and Ueality. Wo may then point to two charucteriRtics 
common to both revelations: 

(1) ^Vither the earlier nor the later, neither the common- 
sense nor the spiritual view of things is of much value — ^the 
first as a practical work-a-cluy (‘onccptiun^ the latter as a 
subject ot belief and a matter oi faith until each has arrived 
at u sort of stability and completeness We must in both 
cases be able to settle dovs n to some tolerably compact, coher- 
ent and complete view: in othei words, and using the term- 
inology of this sketch, the unconm'ious and conscious 
e\i)eriencc ^hich wc gam must (o some extent be expressive 
of the original synopsis or Together tiom which we started 
and which forms the undei lying gioundwork or material^ 
the primary Together or synopsis ot our conscious life. The 
mind must in both instuiices arrive at a position which affords 
some rest and a tolerably tirm b.isjs toi thought and action, 
a settloil, though it may be nt vvi u thoroughly clear and 
transparent view or (*ouipi*che]Hioii, Hut only when in 
possession of su(*h a comprehensive, commonsense or spir- 
itual view of Reality <*an u e descend into details and carry 
on the work ot our life with some amount ot satisfaction andi» 
succesa: expressed in other words, both the commonsense 
view and the religious view must be presented to us as a 
whole, and single points in either can only be decided 
and dealt with in the light of the whole. In both cases we 
must reach u synoptic aspect. * 
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(2) The processes and stages thiongh which we have 
gained, in onr infancy and obildhood, that tolerably stable 
view of Beality which I term the commonsense view, the 
work>a-day aspect of things, are not known to ns in detail. 
No psychological or biographical analysis will ever reveal to 
us the infinite number oi small experiences, of hidden, un- 
observed and forgotten steps, through which by an alterna- 
tion of our'bwn activity and the influence of our instructors 
we have arrived at that commonsense view of the world 
which serves us as a solid ground and indestructiHe convic- 
tion during the rest of our lifetime. 

Is it likely that, in the case of the spiritual revelation 
gained by individual effort, the influence of others and the 
work and experience of many minds in the course of the 
history of our race, we should be more successful in unravel- 
ling the details of growth and formation of what for any 
individual person has resulted in his or her spiritual convic- 
tion or religious faith ? In neither case would scientific 
analysis or historical criticism be in itself sufficient to pro- 
duce in our minds the conviction of the truth of that aspect 
of things which has beyn gained by undiscoverable pro- 
cesses and which stands firm as an article of commonsense 
or spiritual faith and is intelligible and useful only if viewed 
in its totality or as a whole. Must we not here also look at 
the whole and not expect to exhaust or fathom it by soien- 
tiflc analysis or historical criticism of detail P 

The unfolding of the individual mind m infancy and 
childhood remains, as indeed the appearance and history 
of every new living thing, a mystery and a wonder. Query : 
Should the appearance and history of thedater and larger 
revelation, worked in many minds during the ages of his- 
tory, and descending upon us through individual experi- 
ence, through social environment and influences, oontain 
less of a mystery and a wonder? 

1 could quote many passages from the works of recent 
thinkers pointing to, but frequently only vaguely expres- 
sive of, the view which 1 have tried to state more definitely 
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in thi« Aper^\ and in the fourth yolnme I shall hope to 
give them in sufiBcient abundanre. Here I will only refer 
td one of the last deliverancee of Wilhelm Dilthey, who left 
U8 only a year ago, perhaps the most original thinker 
whom Germany has of late possessed. In his eontrihution 
to a volume with the title “ Weltanschauung,” published in 
1911, he has expressed his copyiction that the compreheU' 
sive views of Reality (Weltanschauungen) are'^ot the pro- 
ducts of thought, and do not arise solely through the desire 
for knowledge. According to him, they proceed from the 
experience and tenor of life, from the structure of our 
mental totality. Thus it is not by a process of co-ordina- 
tion of a multitude of separate instances and parts, through 
similarity or uniformity that compiehensive views and con- 
victions are gained, but through a process of synopsis 
(Zusammenschauung) by seeing the separate parts in a 
whole, by rising from a comprehensive view gained by 
living experience to a comprehensive view of the World. 

In this his Inst published deliverance Dilthey has. as it 
seems to me, given the clearest expression of what, in the 
long series of previous writings, he has been aiming at. 
These writings are beginning to attract the attention they 
deserve not only within wider eiicles in Oeimany, but also 
in other countries, and foremost in France. I have no 
doubt thry will be increasingly appreciated also in this 
country. 
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Thf CtBBAI Whinsiii at Kirkwhj-ipimotos 

— - 1 .. - 

By G \^KTifAN n.8e 

[Rpad January 9th 191 -t ] 

In a former pii>er^ i aoimi^lnt rletiuhd urount 
f^iven of tlie nhtion of tlu y^ hinsill io the swlinit ntarj beds 
into it mtnulwl is < \ih)su 1 in i «ntion*Htretchin«< 

from tlu \orth iMie nt Hin idoil to Swinbvnn Mill iwl 
it iKUH nituiul that an itiempt should b muU to (ontmue 
the section noith c ist ilonit tl ( npimnt I nloilun 
itelj thf ibseiue of im> txposuH shcMinj^ tin tout at of 
l^lun \nd Hwlinient i\ locks to iin extent nndc it nte<sgu> 
to pans o\ei tor the {leHcnt tlu mien niiijy: (ounti\ snd 
continue tlu cMuuuilnn some si\ ii mil s noiih e ist \ihere 
the ansbeek ( uHin^ thioii^l tlu e ipnu nl p:ne s in iii\ 
excellent sertu ns just below tlu xilh eit Kiikwhel| n uton 

This elistiict WHS Hunixiel bv Messis lopltv nul liclioui 
in 1877 but the (leolonu il 1 Sui\e \ m ps me too smill to 
show any detail while tlu h mips 1 nt iH\er hten 
published 

The district is ilso inintioned h\ Messis Iop]e> ind 
Lebour in their pilui on the Intnisne ( lua ictei of the 
Whinsill '* and b\ Hutton aid I ile tlu liltei of whom 
state thit two sheets of W hin JO fee t md 12 feet thiek aie 
found sepaiated bv 1 fcKit ol iltertd sh ile but the exact 
pliue where this oe tuned could not In found md no detuiLi 
ore jfnen It setran probible tint tluB exposuie was closei 
to the junction ot the two sheets than those now found 

' Pw Uni9 Durham Phil Ver 1911 Vol 3 pt 4 
Soe 1677 
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In the stream be<l below the western side of the hill on 
which Kirkwhelpington stands, and round which the 
Wansbeck flows, a fault, running nearly due east and west 
(276®), throws a massive but sharply foldwl limestone (o) 
apiinst a false bedded more gently folded sandstone (3). 
Below the sandstone lie a shale (2) and limestone (1), the 
Inttei showing a small anticlinal which brings AVhin to the 
surface a few yards west of the stream-bed. (See map). 

Passing down stream one finds the top of the Whin (A) 
covered by a limeatone (4), shale and thin limestone (6), which 
pass below n second sheet of Whin (H) with its covering of 
limestone (0). The sandstone (3) is absent while the lime** 
stones are evidently ilitferent beds from that covering the 
Whin (A) near the fault. The Survey 1'^ maps mark a 
fault branching from tlie one mentioned nhnvc, which, if it 
existed and W'as i»rior to the intrusion ol the AVhin would 
account for this in(‘ongruity, but no trace of this fault could 
anywhere be detected and its absence was piovwl in several 
places. 

This section can therefore only bo explained by supposing 
the Whin to cut througli the sandstone and its accompanying 
shale and limestono in the manner indicated in ?io. 1 Section. 
The dip of tlie beds and the presence of folding confiim this, 
but visible proof is at present u anting. 

The fault undoubtedly throws the Whin, but the folding 
was probably prior to the actual intrusion of the Whin and 
caused by its approach. This folding would naturally cause 
weakness and fracture at the shoulders of the folds, which 
would provide opportunities for the Whin to alter its horizon, 
and would account for the splitting of the Whin into two 
or more divisions us is seen in this case. The two sheets are 
separated by so thin a layer of rock, that it may be inferred 
that the junction is close at hand. 

Proceeding down stream, the Upper Whin (B) is seen dip- 
ping some 6® to the east as well os following the general 
dip of 3®-4® to the and this easterly dip indicates a 

fold necessary to bring the covering limestone (6) up ovei 
Copping Crag. (See No. 2 Section.) 
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At Coppm^r Crag and nt aeveral other nmaller folds <it is 
notir^ble that the Whin has thiekened eonniderably, as one 
might expect if the folds were prior to the intrusion 

The sedimentary be<i» follow the same folding. Dehind 
Ihe Mill, n smaller hat clearer fold is seen of the Whin and 
limestone with a certain amount of thickening of Ihe Whin. 

Just below the Mill the Whin dips below the covering 
limestone and is no more to be seen. 

Continuing down strenin n series of gentle folds biing 
the limestone (fi) down to the stream bed, and here Whin 
occurs again, but this is a verth'al dyke-hke off-shoot 
(D.H B) from the main muss of Whin, which jneices the 
limestone like n dyke and forms a M*ell defined brwcia which 
marks the north face. 

The limentone is suc‘cecde<l by a black shale (7), a thick 
sandy shale (H) and a niuHSive limestone probably the “8 
yaid (9). The latter is well exiiosed in a small quarry, 
where it is picirecl by the dyke off-sluiot, A beautiful 
breccia marks the north cheek of the dyke oftshoot. (See 
Photo 2.) 

At the western end of the qiuiiry and ntanding just RoiiUii 
of the dyke offshoot, a shari> fold in the limestone is seen, 
accorapnnted by a small ihrust-jdane. The ums of tlie fold 
is at right angles to the diicction of the dyke, and coincides 
with the axis of folds mentioiusl above which are in the 
direction of tlie dip, ;.r., S.S.K. The told then was pro- 
bably prior to the intrusion of the dyke, since if caused by 
the intrusion one would have expei^ttsl the axis to coincide 
with the direi'tion of the dyke 

Again at tlie other end of the quarry, the junction of the 
dyke Jbreccia and limestone is clear and sharp, and there is no 
sign of folding. 

The dyke-offshoot is some leet broad running east and 
weet (270®) and composed of rock very similar to the Whin, 
though it is more weathered and tliere is a complete replace- 
ment of the augite and partial repla(*ement of the other 
minerale by calcite. 



Tho direction practicallr coincidcn with the fault men- 
twn#d above * A ^ ^ 

The Wanabeck here leaving th^MHiarpmeiit maCba a ter- 
mination of the nection » 

ftwnv^nry an/l ( ouelunont The bwla c'vponed in this 
area are enumerBte4 below and numbered to rorreH)iond with 
the map and Hoctiona I heir approximatli ihiiknewiea are 
given — ^ 


(9) Hasaisp Limeatoi]|i|t 

( + 14) 

(8) Sandy Shile 

( 

8') 

(7) Blatk Shale 

( 

d) 

((>) Limeatone 

( 

60 

(B) Whinsill 

( 

16) 

(6) Thin Limestone and Shale 

( 

10) 

(4) Linu stone 

( 

6) 

(A) Whinaill 

( + 

1) 

( 1) Sandstone 

( + 10) 

(J) Shale 

( 

6) 

(1) Limestone 

( + 

4) 


The Miiea inclndea two aheeta of Whin aepaiated by aome 
10 feet of aefliinentaiY be<la nnd tlu loner slieti H found 
(banging its hnii/on through seseral aedimentaiy beda 
Both the hin and sedimentary beila are gently folded 
the axiB of the folding being in the same direction as the 
general dip i e ^ S E 

The folding waa probiblj prior to the intrusion and the 
Whin IS found to thicken to dome ahaped maasee in the folds 
The shouldeis of the folds nhere steep enough provide oppor- 
tunities for the 'WHiin to rhangt its horiron 

This would seem to be a rational explanation of the coa- 
imuiil division of the Whin into aepaiate sheets m this part 
af ita outcrop 

The signifirance of the dome ahaiied masses la readily 
nnderatood if we imagine wiatheiing to have taken place 
dividing fhe anticlines down to the surface of the Whm 
nnd leaving limestone and shale in the troughs This 



Showing Fom itc Limkhtomb by THkirir x x Uvkb OrrsHooT is 
Exfobbd jibt on Tnr Bight Kixib or Photo 



Showimo Bbbooia on Southbbn Ckikk or Dtkb Orrsuoor Thb 
Whitb Soratohid StrarAOM am SAOOSAkoiDAL Lxiimvonb, 
thb rbst Wbin. 
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would give the irregular line of dome HliA]:>ed masBea with 
orcasionnl surface bronks which is so characteristic of the 
Whinsill in Northumberland. 

Theio IS also an e\(*ellcnt example of a dyke offshoot 
from the Whin, which apart from its proximity to the 
WhiuKill might be taken tor a true dyke. t 

Little lias been done us regnnls the feathering and meta- 
moriihism ot the nn^ks. The more impure limestones and 
culearcuuh shales are in general altennl to a very hai*d iwr- 
cellunite, breaking with conchoidal it act are described by 
Teall,® and except for the very beautiful minute bedding 
planes, hanlly to be distiiiguishetl tiom fine graineil Whin. 
The Whin found at junctions is luvanably very finely 
grained, and has the augite teplacetl by culcite, thus causing 
an effervescent effect with acids. 

The purer limestones are usuulU turmsl into whitesac* 
charoidal, but soft, murbles. 

I hojie in the near fnltiie to be able to apply these obser- 
vations of the relation of the Whin to seiUmentury beils over 
tlie countiy retened to in the iuiioduf*tiuu between the Tyne 
and Wunsbeck. 

In concluMon I desire to expres’j my very liearty thunks 
to Proiensor Lelmur tor bis kind criticism, to Dr. Siriythe 
especially for his help in the field, and to Mr, F. H. Walker 
tor his aid in working out the detail ot the Section. 


^ Teall, qj a. Soc., 1684. 
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Note on a new Electuioal Method of Pubp aring 
Aqueous Colloidae Solutions of METAiiS. 

Hy If 4 MnKB[H-AiKKY, M Sc* , and H. H Tx>mu. if Sc. 
fltt^ud March l.ith, 1911. J 

Tlip metluMlh hitlioito employ tnl in ilie pre- 

puiution of rolluidul Holniioiis of melalH are fliose of Miedific' 
au<l Svedberjr.- 

liiedi^N metluxi (‘OimistM in iurinirifc n dm'ct current arc 
between eleidrixles of the metal io be disi)erHcd, in pure 
water (coijducti\it> about 3x10*®. If the water is not 
allow txl to luH’ome too hot and the cuireut strength is suit- 
ably adjusttnl (b-lO amperes) it is possible in this manner 
to ])repHie the li>dioHols of many metals. The prepaiation 
retpiires some skill ami patience as the aie burns niegulurly, 
and it is diffidilt to lUiiintain constant electrical conditions 
in the discliaige. This leads to varying sisses of the particles 
pioiliued, and tlieieloie, to unceitainty as to the colour 
of the lesulting solution. 

In the inetlMMl of Svedbeig tbe oscillatoiy disebarge of u 
Ix^yden jai is umhI to dispcuse the metal The discharge 
can l>e liettei contiolled, and tbe conditions made more 
definite tban in the are method provideil care is taken to use 
veiy puie water 

It (X'cuired to us that a bigb freijueiiey nlternatiug arc 
would provide a method lunging tbe advantages of Imth of 
tbe above methcKls. I'he large cui rents which could be used 
would enable tbe operation to be carrieil out ([uickly, and 
the oscillatory nature of the arc would enable the conditions 
to be easily controlled and vnrietl over u very wide range. 
A suitable generator of the necessary high frequency cur- 

' Brpdig Q., Zeitschr. f. angew. Cbem. 18D6. p. 061-064. 

*S%edberg T.. Die Methoden aur Hentellniig koUoider LttcmamD 
Dresden. 1900 
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rents was obtained in the Poulsen arc as used in wireless 
teleKraphy. Leads were taken from two points on the 
inductance of the Ohcillatory circuit of the arc, and were 
led to the leiiuiuuls of a di^churifer cin*uit cousistiuK of an 
un* lump, which was so designed ns to allow of the arc 
hcLUg btiuck under water. The inductance and capacity 
of the osrdihitory ciremit could he vitrii^d, and in ilie dis- 
charger cinmit various cupacitioh and induct a uces could be 
introdncwl. These enabled the eitMdncal conditions of dis^ 
charge to be uliereil through a wide range The capacity 
in the Poulsen circuit was varied from (KMM5U mfd* to 
tKI2808 mtd., and the iiuluctaii(*e tiom 90 mici-uhenries to 
liSO niK^roheuries. Tliis ga\e a range ot fjoqueiicy from 
22-1,700 iier wH*0Jid to 805,200 per second. 

Ily varying the conditions in the Poulsen circuit as 
ciliove, and tlio coii]>ling of the dischaiger ciicuit, we were 
able to obtain cuii.eutH in the discharger eiicuit covering 
a range ot tram 14 amperes to 15 amperes^ and a range of 
voltage Iroiu 480 volts to 4,080 volts. In addition to this, 
the length ot the aix* in the dischargei c*ould l>e alteriMl, this 
being prnwihle owing to the wide range of electihal cundi- 
tioub at our disiK>».il hi geiieial, only a few s(M*onds were 
miuiml to proilucc colloidal solutions ot the tollowing 
metals: (iold. Silver, Platiiiuni, ran«idium, CupiHU, Lead, 
Imn, Zinc, Tin, Xickel, Aluniiniiiui, ^agncHiiim, Bismuth, 
Antiiuijuy, Cadmium. 

Solutions of Carbon were also prepaieil. 

Celts in colours hud hecu legaitled as charactertiatic of 
the colloidal s<dutiuns of ihany ot the metals, and while tljeee 
could ull be prothiced the flexibility of our method enabled 
us to show that the colour w^as a result of the special condi- 
tions ot the discharge. Wlmre only one or two colours 
hud been p'-eviotialy obtained for a given metal, we found 
that by suitably adjusting the conditions it was possible to 
obtain a wide range of colours from several metals, 

A remarkable variety was obtained in the case of gold, 
silver and copper. Three gold colloids were previoosly 
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knowu; ml, bliu^ and purple, hut no Bingle method appears 
to have been eapablo of ffivinf^ all thiee. The high fre- 
quency arc methrMl given all thene and a number of 
Intel mediate colour‘d. 

An exuminution ut these (‘olloidn with n Hardy tube led 
to the conclusioii that the ic^il and blue hydroaolH carry 
chargen of (qqKiniie nigiis, while the put pie apl>earM to be 
a niixtiiie of the nnl and blue colloids Similar results 
were obtained in the case ot other metals, and the eWtrical 
and optical prf)])eitieh ot some of these are being iurihet 
examiiusl. 
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The Structkre of Metals. 

AbMtTAot of Locture delivered hj Sir J Aj:«nun> BwufO, K.C.B , F B.S • 
ut Aimetrung College, Maj 2iid, Itil.l. 

Tile Iwturer began by giving a short account of bow the 
luicrohcope in upplieil to investigate the structure ot nietals 
.111(1 what cbaracteiistics an* I'evealeil, in pure metals, by its 
assistance. In general the surfm^e bad to be prepared for 
inicros(*opic exumiuutiou by iiolishiiig to remove acjcidental 
louglinesHeH, followed by etching. Ktching waa nocessiu'y 
becmiHo the 8 urfHC*e, after iMiltshing, was no longer in the 
HHine physical coiiditiim a« the material lielow the surface. 
The surface layei hud to be removed Wtorc the true nature of 
the metal could be iierccived. To illumiuute the expoaed 
face of metal under the lens two meihiKls were followed. 
Tlie light might be sent down through the microscope tube 
itself and lie reflected up again to tlie eye: this was culled 
vertical illumination. Or it might come obliquely from the 
hide, groxiug the Hurfa(*e of tlie metal. 

When a metal which could be obtaiiieil in a pure or 
nearly pure state was polished and liglitly etc^bod, tlie first 
thing seen in the microBi*oiie was that the exposed surface 
was divided into irregular ureas called grains, us various in 
form us the counties on a map of England. The boundaries 
between the grains appeared under vertical illumination as 
dark lines, with no pretenc^^ of geometrical regularity : the 
grains seemed quite casual both in shape and in sise. Under 
stronger etching a difference in texture could be discerned 
between one grain and another, which became veiy obvious 
when the illumination was oblique. Some of the grains then 
appeared very bright in the field of view, others very dark, 
and others of intermediate shades. On turning the specimen 
so that the light fell on its surface from diffn^nt direc* 
tiona the brightness of any one grain underwent striking 
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varifltionH These fedtureh were illuatrated by lantern 
slides showiii{( nutinsfopu photoKiLiphSf and by a specimen 
of cast load m liu h the giains wore so lai^^ ah to 1 h* readily 
seen without magnification Ihe biiglitness, thoup:h vmy- 
iiig widely iiom K^ain to giain, was constunt ovei the 
exposed suifate oi an\ one f^inin Kvaminntion iiudei high 
power showed that this w is due to the tai t that the Hurtace of 
eai h giain was made up ut u multitudL ot little paiallel 
iac ets which nc I cmI like minors in leflec ting the light These 
faced one nay all ovei the giaiii, hut f uc»d diftorent ways in 
ditterent giniiis 

The explanation was that eatli giam was in lenlitv a 
crystal, notwithstanding ihe complete iiiegulaiitv oi its 
exfettial foim The ertsential c haiac teristu ot crystdlline 
stun till e was not gcometiicul iigutafit> of the external 
foiin hut ot the inteinal an iiigeiucut of the units out of 
whic h tlie ir>stal was built up Its cnslalliue (|ualitv made 
it dp])oai as if comiHiscd of bnckKits, like a blrxk of biick- 
woik, and the collect ui etching was to leincne ccutHin 
biickbafs fiom the surface, leaving tlie tacts of otlieis 
visible The iiiegulai bcmndaiies ot the gtains weie due 
to the inteifeieme between each giain and its neighbour 
duiing the piucess ut giowth 

lo make the piucess intelligible, they might think of 
what would happen if a numbei oi faiiy cluldicn weie set 
down lu u nuiseiy and piosided with an unlimited supply 
of brickbats all exactly alike hlach child hi>gan huiUlmg, 
with complete^ fiecMloni as to wheie it put down its first 
brickbat, and in wliat dnection, and the rate of building 
might vary But the ultimate tesiiU was that the whole 
space bi'came filled, for each child hud to stoj) building only 
when its pile tame into tontac t with those of the othurs 
Ihroughout each pile the biickbats lay parallel to one 
another but the directions were us a lule quite difterent in 
different piles If a section through the whole space were 
taken^ and the surface brickbats picked out, the appeal ance 
would be exactly the same us tliut of the grains oi a metaf 
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when cut and etched. In some caaes the child mi^ht take 
poaaeHaion of u compurativoly large territory liy building out 
branching arma forming a akoleton to be fi]le<l m at leiaure. 
Thi» was analogous to whiit in cryatallography waa called 
dendritic gniwth, exurnplea of which were often found in 
metals. 

Other evidence of the crystal natuie of the giams was 
given by means ot phoiogiapha ahowing “air-pits” in the 
surface of u specimen of (*admUun cast against a smooth 
glass plate. lIuToscopic cavities formed by air or by gas 
giien out during the Holidification of the metal took a geo* 
metrical iorm, and when n gioup of such cavities occurred 
on the surface of one giain their forms were hiinilur and 
parallel They rehiilteil, as it uere, from brickbats being 
omitteil in the building 

The lectuier next discussed the behaviour ot the crystal 
grains when the metal was strained beyond its clastic limit. 
Plastic straining was iKiSHible without dehtruction of the 
cr>htalline charactci of the grams A speciiueu of metal 
stictihed until it bitike in the testing machine, or a bar 
rollcil in the cold state from a large to a small section, 
showed giains that uere much distorted, but the biickbuts 
resealtnl by ebdiing were still puiallel to oniv another over 
(lie tu(*e of each gniin. This was because the ulteralions ol 
form took place by means ot slips occurring on parallel 
planes within eacli grain, like the slipping of canls over one 
another in a imck. When the exposwl surface of n grain 
after straining was \iewed in the micros<*opo, the traces of 
these slips were seen as parallel lines or ratlier very narrow 
bauds to which the name of slip-bands had been given. By 
using oblique hght it was shown that these markings on the 
surtace were really steps, each of which was caused by one 
portion of the crystal grain slipping over the adjacent por- 
tion through a short distance. In general there were at 
least three such systems of planes of slipping, corresponding 
to certain natural planes within the crystal in which sIijh 
ping took place most easily. 'The combined effects of slip 
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orcumng on three or more planes was to allow the gram to 
assume an entirely difteient shape, but without losing its 
( rvHtallinc c Iiatui tor Examples of slip h luds neie shown in 
iron, lead and utliei metals, and attention w is c ailed to the 
hening-houe pattern issuiued slip bauds m t ises where 
the giains exhibited the ptculiniity knuvin to tiysiallo* 
grupheis as twinning It was c xplaiiiLd that wlien u stiained 
metal annealed a ret lystalli/ation miuited though the 
meUd iimained tliioughoui the piocess it a temperature 
muth below its mtliing point 

Iht letiuroi tlun disiussetl the |>ossible < ouiiguiations of 
the ilementaiy paitules oi strut tuial iinith nt the giains, 
wbuh would hi (unHisteut with the ubseivtd tiysiullme 
tjuality Tht units must be giouptd in what Kelvin had 
talhd a homogt nous assemhluge lluy weu tqii dlv spacetl 
in lows, and the lows in layeis In i model this chaiuiter- 
ihin Lould lie seiuiecl by repnsenting the units is spherual 
bulls ot thi same si/e Iheie weie thue possible ways in 
whuh sut h halls could ht piltd so is to satisfy iht tunditiou 
of c ubu symmtti'y whuh was met with in iron, lead c oppei, 
gold, silvei untl many olliei met ils In tlu most open mode 
ot piling eatli spheu was in toutait with six utheis In 
auotliti modv eaiU sphoie was in cuntait with eight othirs 
III u thud mode whit h w ts the < lostst iwissiblt kind of pil- 
ing, each spbeie was in toniatt with twilvt otheis It was 
shown by means ot models how these modes of piling gave 
cubit symmttiy, and how in a motlifit atiou of the thud mode 
twin gioupings could be foimed Piobubly the stiuitural 
unit was itstlt a very complex gioup oi atoms oi electrons, 
exeitmg mutual forces between eiu b unit and its neighbours 
which biought the units into plate and held them thcie, and 
ai counted toi the dissipation oi eneigy that uccuned when 
thcie was slip Lxeept foi these forces one might conceive 
the unit os free to tuin, and under strain it probably did 
turn a little way befoie the elastic limit was passed when the 
original bonds between it and its neighbours were broken 
The eftects of elustic and uun*elastic stiaining could be indi* 
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cated by meanH of modelA in which each unit had polea 
exerting foreea on correaponding polea in ita neighbours. 
Various modela of t]iin kind were exhibited nnd their action 
briefly diRcussed 

PaiiicularH'of olmermtiona refeired to in the lecture will 
be found in the following papers : 

KxperimentH in Mioromotallurgy Kffeotji of Strain, by J A Ewing 
iind W KoHenhain. Proc Roy Soc, Vol 65, 1889. 

Tho CryHtalline Structure of MetalH Bokerian Lecture, 1809, by 
J A. Ewing and W Kouenhain. Pkil» Tram Roy Soc Vol 193, 1809. 

The Cryntalline Structure of Metala (Second Paper), by J A Ewing 
and W RoHcnhain Phil, Trans, Boy, Sue Vnl. 106, 1000 

The Fracture of Metala under Bepeated Alternations of Strewi, by 
J A Ewing and J W. Humfrey. Phil. Troiu Boy Vol SOO, 1003 

Effects of Strain on the CryHtalline Structure of Load, by J W 
llumfrey. Phil, Trant Roy. Soo Vol 900, 1009 

The Plaatio Yielding of Iron and Steel, by W Roaenbain. Joitrn 
Iron and Steel Inst 1004. 

Deformation and Fracture in Iron and Steel, by W Roeenhoin 
Journ Iron and Steel Inst 1906. 

PreHidential Addresn to the Engineering Section of the Britinli 
AsHOoiation York. 1906, by J A Ewing Rep Rrit isitoc. 1906. 

The Siruoturc of Metaln (The Wilde Lw4ure), by J. A Ewing. 
Ifftnrhreter Memoirf Vol 61, 1907 

Tho Tuner Strurtiire of Simple MetalH (The 1012 May T^eoture), by 
J A Ewing Jotim Itut of MetaU Vol 8, 1912 
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Ma tiifmatics and the Indcctivf Mi-thods 

OP I^IC. 

By OoDimn H Tkombom D Sc Ph D 
[Bead May Htk 1913 ] 

Ith irlaubt nieht d\4K eh viel eignpH Neuea lehn 

Kiih (lurch mem Scherflein Wits den Sohiia der Weubtti mehre 

Do(h denk loh von der Mhh mir xwtieiloi Oewinn 

Einmal doan ich nun xelbal an hinsicht welter bm 

S< dann dnHM doch didurch n in inohen Mann %ird kommen 

MinebcH uovdi er ^ nnt gnr hktte nithtH vernc mmen 

IJnd inch der dntU (Irund nchoint wiit nicht dea Geldchteru 

T)nHH w r diPH Biuhltin lunt dcrweil doch hoat kem achhefaterH 

(Buckert Weiaheit dei Brahmanen ) 

I\iR(Hnnio\ 

I pioiKiMt to 1 m ^iii this piiMi b\ ilehnin^ iiioit die ui itely 
tinn ( m b( done in a titb the l^hl(h I intfiul to 

covu ind bv nnjipinK out in kIvuim tiu main Iiiuh ilong 
wlinli I intend to pnweid In tlu fust jihft then I use 
the vioid lo«rii in tlu ordinm wiv in wliiih it will bo 
used 1 think bv invoiu who ippio u Ikh tin snb)(ci fiom 
the siuntitn side Mint is to si\ while I luoKnisi that 
Loru is tlu sneiue ot leisoinn^ I do not hud it eisv to 
loin those who to ciuote Mi Sidpfwuk* in ike u dehboi 
lie ittempt to keep Logn puidv toimal and 1 shill not 
trv to lof^iid the ])UKeHH ut leisonuiK uh something dis 
tiiift fiom the sub] it mittei about which if is employed 
It would iiidoMl bt ihmmt imjioHsiblc lor nn to do ho foi 
wli it I proiMisp to do lA to show tli it u certain method of 
reiHonuig wbub li ih 1m tu found necessaiy in biology ind 
IS (onunu into use iIho m some other Rcienres and wluoh 
iinohtH the une ot the (file ulus of probibihty is an e^ten- 
Sion, in piartni li not in piinciple of the inductive methods 
of logic iml tins new mttluKl muHt be explained in the 
liinguigt of tlu St St u lues and by monns of illustrations 
Irom them 

' A Sidgwiok C/«e of Wonjli %n Bttuontng p 9 
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It if), perhnpfl, nnnorefiAar^' to explain that by induction 1 
do not mean what ia called ** mathematical induction/’ 

In induction the cauHnl connection of two or more 
occnrrenceN in Noup^ht tor empincull> by observation. One 
occurrenc^e is focussed, and the occurrences causally con- 
nected with it are required. By causal connection I mean 
merely uniformity of asMociation in the phenomenal world. 

The meihoiU of induction are usetl by everyone in daily 
life. They were in a sense already formulateil by Aristotle; 
they were tremendously emphaHised by Bacon; and by John 
Stuart Mill they were given the form in which they are 
to-day commonly quoted. Mill’s four experimental 
methods would uml no amplification whatever, were the 
different evenfN ot nature really ns easily separable as the 
Itunuin IctlerH he iises as symbols toi them ^ 

(ll ILFTl 4X1) QrANTlTY. 

In actual fact, however, Mill’s methods are not so easily 
applicable There arc two cases to l)e examined, the second 
of Mhich is again sulMlivuled into tw’o. 

(1) The occurrence k, the cause of which is to be investi- 
gnled, is slinrp],\ marked off from nol-K. 

(2) More commonly, however, #c is some quantity 
capable of graduation/ thcie may he much or little of 

It may, for example, be the temperature of « room or the 
height of a man. 

(/O Wo may then by the use of a standard* convert 
this case artificially into the former. For example, we 
may sny that when a man is taller than a I'ertain post 
he is <«//, otherwise he is not^taH. Such a standard 
cun often be UMe<l also m dealing with mental 

^ In tiuth it may be doubted wbetber they are separable at all except 
arbitrarily by using a standard. 

*lt may be doubted indeed vhether case (1) ever really exiete, or 
whether we are not alwa^ using a stundnrd, uneonsoionidy, to Mparote 
A quantity into two so-called quuhti'^H See footnote, page W 

*ISee J Venn, ifmpiHcel Logic, liondon, 1009, oh 18 and 10 
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phenomena. Moreover, more than one ntandard may 
be rhoaen, and tt divided into three or any number of 
olaAHeR. 

(i) If the Rtandard in Hurh that we can mark where it 
reacheR to, and re-apply the same Htnndard, beginning 
at that point, it becometi a unit, and we can meoHure k 
to that degree of accuracy which our meanH permit or 
<iur necewity deinauds Tltia we can do with the height 
of a man. We cannot do »o, however, with mental 
phenomena. For example, we cannot «iy that one room 
feelH one and*A-ha1f iimea ita hot aa another, although 
we can meamire the expauflion of men*iir>' in the two 
rnoniN. tbily by making Ferhner’8 aAnumptions can a 
kind of nienHuremeni lie rarrieil nut in ancdi cases. 

We may call these tliree cases tlie cases oi 

(1) Simple Preseneo or Absenee; 

(2) (Continuous Varintion with («) (Hnssificntinn by 
stiindardfl; (b) Measurement by a unit. 

Let us suppose now that an event a can be identified 
ninong tlie niitei’fslents, and that somehow or other, eitlier 
by casual olnervation, or by analogy, or by a half complete 
deduction from known laws, we have come upon the notion 
that a may he, us we say, the cause or part of the cause of 
K*. This event a may also be brought under one of the 
above three cases: and in investigating the causa] connec- 
tion of a and K there may occur, therefore, any of the 
following comhinntious : 

i llotb are simply piesent or absent 
ij Both are continuously variable, and 

(rt) each is idnssified by its standard or standards; 

(ft) each is ineasunHl by its unit ; 

(r) one is clussifietl and tlie other measured. 

* Tbo quostion of how we oome in the first plaoe to hsvs any sttspioloB 
that ■ and k are oonneoted spemii to me to be one rather for fSTohology 
than l(4rio In any oaae this paper is oonoemed with the soientifie 
tnakiilg of inductions, not with those flnt faint glimmeriaga which lead 
M to try along certain lines. 1 shall, howerer. retan to this polat 
later. Somehow we auspeot a to be causally oonneoted with s. 
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iij One is eimply present or absent, and the other is 
variable and 

(a) cliissifled by a standanl or standards; 

(i) m ensured by a unit. 

Analysis of (ivALiTATivE Methods. 

‘ If the pair of phenomena we are investijfatinff come 
under case i (both simply present or ubseni)* then Mill’s 
Methods of Agreement, Difference, and the Juiut Method of 
Agreement and Ditfeience, are frequently applicable. 1 
wish to introduce u manner of tubulating these methods 
which will make what follows clearer, and would, I thinki 
bo useful in teaching the subject We examine sets of ante- 
cmlents and consequents, and iword each in the proper 
compartment of what we shall call a Fourfold Table. For 
example, consider the case — 

« 

Anteotdantib Cofwequeiiti 

ABC altf 

ADE 

AFC^ afg 

AHK nhk 

to which the Method of Agreement is applicable, and 
examine the connection of a=A, and K=a. All four 
cases will be recorded in the first compartment of this table 

(Piff. 1). 

Fio. 1. 

K = a not K 


a A 


not A 


Mmrftkimg ekmoed 

0 
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If the following settf of antececlonta and oonsequenta be 
Himil irly tabulated 

Antootfdvn ■ Oo Wf| e U 

ABC abc 

BO he 

one rase romca into the hist and one into tne last oomparr- 
ment (1 ig 2) llim is tlu Method of Diflennce where it is 


a =s A 


not a 


Mukod « -ftToMm; ercajat « 

IKMHibU to i€nio\t o teiMng e^eiy thing else iinrlnnged 
If it IS impossihh to lemoM a without changing several 
othei intecedonts then inoii cists must be trud All of 
them will (omt into thi simt two ( ompiitnn iits (fig * 1 ) 


not a 


/oMi IfetAofl amd « oowurf 6e ekamg^d fodko^ 

|N«raf hemg ekmngid bid ike onlg wmmabU w «• 


tia S 

K not K 


60 

0 

0 

60 


Fio 2 

K = a not K 


1 

0 

0 

1 
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This in the Joint Method of Agreement and Difference. If 
we take the raaea in pairs one from each compartment, the 
members of any one pair differ fiom one another in several 
ways, hut the only ui variable difference is a. 

As an example upon which to use such a fourfold Table 
let us take the following from an elementary text book of 
logic® : — 


AntoosdMiU 

CofauqiumU 

ABDE 

»tpq 

BCD 

qnr 

BED 

vqu 

ADE 

tnp 

BHK 

zqw 

ABFG 

pquv 

ABE 

ni 


and let us suppose tlmt we are behind the scenes and know 
that As is the cause of p, H of 7, C of r, and so on, An 
observer wlio docs not know this" is led to susjxH't a causal 
connection between -1 and p and enters the cases into a 
Fourfold Table thus (Fig. 4 ). 

Fig. 4. 

Kcsp not K 


a s=s A 


not a 


4 

0 

0 

3 


* Jevoiui, £Im. LniiOfu, p. 328. 

'An obrnm who had tho arenta m mpmU at ABO would •Itoody 
have aooompllahed moat of hit task. 
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If lie examinea not only these Aeven bnt many ('aaea and 
each one aa it comes up fits into one of theae eompurtmentsi 
then the prohahility hecomes very great that a is hoth 
noceasary and sufficient to cause tc, and hy examining a 
sufficient number of cases he can ottain to any degree of 
prohahility which he may decide upon us being for practical 
purposes certainty. Ah soon however as a case crops up 
which must he put into the third comportment he knows 
that a is not necessary though it may be sufficient : as soon 
as a case crops up in the second compartment he knows that 
a is not suiKcient though it may be necessary. The first of 
these is Mill’s cose of Pluralitv of Causes. The second Mill 
does not state : I shall call it the case of Plurality of EfFecis*'. , 
If cases occur in all the compartments a is neither necesskry 
nor sufficient, there is either no connection at all or there is 
Plurality hoth of Cniises and Effects. 

Such Plurality is in many cases certainly not seal but 
apparent. If several causes appear each to result in the 
same effect, if (to use Mill’s example) combustion, friction, 
electricity, can each cause the feeling of warmth, then these 
apparently different things may have something in common 
which causes that effect: and similarly if on different occa- 
sions the same cause gives rise to different effe<*ts, then these 
effects moy have something in common which is the real 
effect ot that cause, while the differences are to be otherwise 
occounte<l for. In the first case the apparently different 
causes contain something in common which is the real 
cause : in the second case the apparently identical causes are 
really different. It does not do to press this explanation of 
Plurality loo far however, or we find ourselves merely re- 
stating the problem in other wonls, saying in fact that 
“what these various causes have in common is the power of 
causing this common effect.” If a bell in the kitchen can 
he rung independently from two rooms by separate wires 
there are two causes which, at any rate for practical pur- 
poses, have nothing in common. Tet the scientist must 

* It is, of otmrss, quits different from Kill's lutsrmlztate of 
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nlnuys be on the lookout to diiicover flometliinff in common 
between causes whicli have the same effect or effects which 
have the same cause. 

Our example will serve to illustrate ull the case of appar- 
ent I’lurulity. Let us suppose that umonff the antecedents 
the combination {AE) is peculiarly striking and arrests the 
uttnitiou of tho observer and that he sus^iects it to he the 
cause of p. He does not recognise that A is part of it. He 
then gets the following Fourfold Table (Fig. 6). (AE) 


a * (AE) 


not a 


PlwralUy ^ Camtt, ■ mfieuM Imt not noetstcuy. 

whenever it occurs is suiilcient to cause p : but several other 
causes, us (Jl/'’) or (AD) are et^ually suffleient. 

Let us on the other hand suppose that although the 
observer cun recognise A ho has been led to suspect that it 
is causally connected with (pq) which he does not recognise 
to be complex p and g might he gases which he does not 
recognise but which cause an explosion when both are pres- 
ent. He then gets the following Table (Fig. 6). 

A is necessary to produce (pq ) : yet sometimes A is fol- 
lowed by other effects and (pg) is absent, and he does not 
recognise that these all have p in common. 


Fio. A. 

nmp not K 


3 

0 

• 1 

3 




84 


a = A 


not a 


iHumlity qf Iffeeia a neceatiary / of HOi n^ficunt 
Finilly, loiuluinn^ thine lanih suppONO thut tho buh- 
pected autiHcdent is (AA), the BUBi>ected (oiiHequent (pq) 
We then get Jig 7 


a == (AE) 


not a 


Plm alUy / ofh qf Cawf» and « netMer nu«MMtry nor ttuficKHU. 

In this last cane we should of couise conclude that a was 
neither necessary nor sufttiient to cause «. But if as we 
examined more and more cases the prepondeiance of them 
continued to fall into the first and last compartments we 
should suspect that novexthcless a and x were somehow 
causally connected, that is to say that some part of a (here 
the part A), wos necessary and sufFieient to ensure the 
presenc e of some part of « (here the part p) 


Fio 7 

= (w) * 


2 

1 

1 

3 


j«io 6 


K = (/X/) not K 


3 

1 

0 

3 
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The Method of Agreimifit and DuagreemefiU 

These last three cases m ly con\euiontly be classed toother 
under one method which us it h is nut yet so fii is 1 know 
re(eive<l a name I sliall call the Method oi Agieement and 
Disagiecment and I m ly in imitation of Mill, define it in 
the following Canon 

If tuo groups of evcntn an. uuh that the only invariahle 
dtffeiena n the pnsence ot ob^ence of a certatn ttrcum 
stance and tf eath of these groups he diiided w that the 
only in t anahh dtffi ; en< e ht tu een tin parts tn the occurrence 
or non otcui mice of a <ertutn phenotnenon and if as the 
numbti of aents ts nuriased the ratio of the parts of the 
one f/rouji dots not tend to huomi equal to the ratio of the 
parts of the othet gtoap then this phenomenon connected 
litih that an um^tatue by some fact of (anmtion 

loi if thc> b( not coiineited theie is no leison why the 
fjtroup containing the cmnmstinco in question should con- 
tain X proportion of occuirences of the phenomenon different 
fioni th it which is found in the other group, and we should 
line (lig 8) 

or 

— ajjX j = 0 (1) 


Fig H 

K not K 
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The Method of Difference, und the iloint Method, are 
special cases of this Method of Ap^reement and Disagreement, 
und the Method of Agreement is a iwrtion of it. The essence 
of all these methods is not that cases (*an be found which go 
into iti or j^4, Init that no vases van be foundithtrh go info or 
^s* In that ease a high degree of probability is soon attained. 
In eases where some of the events full into or r, we can 
ttUain just as great prolmhility provided we cun collect a sufB.- 
cient number of instances, for here more aie required. The 
number required depends on the propoiiion of instances 
found in and for if few are found there, the ratios 
xjjt2 and Jtj.r4^ are very different from one another and it is 
soon cleat that they are not tending to become equal. In 
this case the causal connection is close 

The problem of measuring how close it is, is a problem in 
contingency.® We shall see later how to deal with it in case 
ii(a), where it is assumed that below the arbitrary division 
into classes lies a continuous variation. 


Quantitative Methods. 

So far we have been considering case i where both a and 
K are simply present or absent. In all the other cases one or 
both of these is continuously variable. All these cases can be 
reduced to case i by means oi a standard or standards. The 
distribution of numbers in a Fourfold Table will now, how- 
ever, depend on the choice of these standards. 

*Sm Karl Pearson, "On the Correlation of Characters not QuantitatiTely 
Measurable/’ Phil Traiu Bon jSoc., 1000, Series A, cxcr., 1. Udi» Tule 
has suggented a certain co^oient of association which is easily cal- 
culated and which he claims to be a suitable measure This aasnnies 
discrete " proseuoe und absence ” See footnote, page 77 of thu arUole. 
A controversy has raged between Pearson and Yule on this point. TuU'i 
views are indicated in his introduction to the Theory of Statistics, 
QriOin, 1912, where references to papers by himself and others are 
given In the writer’s opinion, Pearson’s views are more correct Bee 
also Karl Pearson, "On the Theory of Contingency and its Belatioa to 
Association und Normal Correlation ** Drapers^ Company Research 
Memoin, Biotneirio Series, i, 1904; D. Heron, " The Beoger of Oertaia 
Formuln suggested us Substitutes for the Correlation Oo-«ffioieat/' 
Blomttrika, loit, vm, 109; O. TJ, Yule, ** On the Methods ot Meosuriitf 
the Association between two Attributee," Joutn. Bog. ^tat. Joe., IBUj 
latxv; Karl Pearson and D. Heron, "On Theories of AseoedaMon, 
fii^metrika, 1918, xx, 168. 
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As an example let us take the question of the inheritance 
of stature from father to son. Stature of course admits not 
only of standardised classifiration but also of real measure- 
ment, but it is easy to imagine oases where it might be im- 
jiiurticabie to do more than put»s a judgment tall or not tall 
- for example an explorer among savages might thus collect 
some evidence by inducing natives to compare themselves 
with him, though they might be unwilling to submit to 
lueuBuremeut. Of 1,078 pairs oi English fathers and sons 
who )»cre measured in an investigation by Karl Pearson, 
there were, if we take 5' as standard the following num- 
lH*rs of tall and not tall sons and fathers (Fig. 9). 


Not tall 


Tall 


(Tbs fraetUms wise thimigh oertein individasls being eqnel to the steadud.) 

Here is equal to 5*8 while is equal to about 1*2, 
that is they ure still very different although a large number 
of cases have been examined, so that we suspect a causal 
connection, though we are not yet able to give any measure 
of the closeness of this connection, which shall he reason- 
ably independent of the arbitrary choice of standards. Such 
a measure will be explained later. 

The method given by Mill for studying variable phen- 
omena is the Method of Concomitant Variation whidi is the 


Fiq. 9. 

Not tall Tall 


687-26 

100-76 

209-76 

180126 


Fathers 
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quantitative form uf the Method of Agreement. In this we 
are instructed to vary the amount of a without changing 
any of the otlier untecedeniH, and to observe whether « 
varies in any way in sympathy, either directly, inversely, 
periodically, or in any more complex fashion. 

The difficulty here as before is, of course, tliat we cannot 
as a rule be sure that the cases obseiveil differ only in the 
amount of a present and in nothing else. In fact we are 
usually sure that this is not so In certain sciences however 
n very close apprisudi to this ideal can be made, namely in 
the experimental sciences of jjhysics and chemistry. There 
we cun ns a rule so niuuipuluie the auteoedonts of An ocour-^ 
renco that certain of them remain almost (‘oustant, whiltf 
those to be studied undeigo large cdiauges. In pbysi(*H 
therefore wo attain a mathematical connection^** between « 
and <c, for example we may find, say, 

a = fftfc. 

In the biological sciences, on the other band, the case is 
very different. In these and in other sciem^es in which 
experiment is difficult and obsei'vation the usual method, it 
is almost impossible to change one antecedent without 
changing many other antecedents at the same time, often 
to an unknown extent. This may be, os fur example in 
experimental psychology, because the antecedents them* 
eelves are bound together by as yet unknown laws; or it 
may be, as for example in agriculture, because some of the 
antecedents are completely beyond our control. In such 
cases appeal has to be mode to a very large number of obser- 
vations indeed, and the results have to be (considered by a 
special method the study of which is a branch of the calculus 
of probability. 

^*Thero wiU be, it u true, always eonie Blight derlatioii frenn the 
result in on actual measurement, and appeal is again made to the 
calouluH of probability In ascertaining whether the obeerrod etxor hi 
explicable by the remaining tonall univoorded ** chance oluuigee in the 
ether anteoedentii In careful experimenting, however, the Sevistloas 
ore comparatively small. 



The Method of Correlatton. 

This Method is the quantitative form of the Method of 
Agieeinent and iJisogreement, just as the Method of Gon- 
romitaut Yariation is the quantitative form of tlie simple 
Method of Agreement. I take again in illustration the 
question of the inheritunre of stature in man. Stature 


Fio. 10. 

Father’s height in inches. 



admits of measurement with u considerable degree of accur- 
acy. Let us suppose that a large number of fathers and 
adult sons have been meai>ure<l and the results put into a 
table ruled in this way (Fig. 10). For example if a faiheFs 
height is 67 inches and his son’s height 00 inches this case 
will go into the pigeonhole marked A. Suppose now that 
the average height of all the sons is 66 inches, represented 
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by the (tosh in ilie lunt column. Next fix the attention uiwn 
the HOiifi of G4 inch futherh, represented by the third column. 
If there in no connection whatever l»etween heiKht of father 
and Hon this column will be an oidinnry sample of sons and 
the iiverujye will also he ulnnit inches. Similarly with 
every other column. Thus a line will horizontally across 
the figfure In the same way by taking the fathers in rowa 
belonging to different heights of son, the vertical line of dots 
will he got if theie is, us we are for the moment assuming, 
no connection between father’s height and son’s height. 

In the actual case, however, there is a conne<-tion; for tall 
fathers often have tall sons and short fathers short sons. The 
average of the column of sons belonging to inch fathers 
would as a matter of fact be less than G5 inches, and the line 
of crosses, instead of being horizontal, would lie along the 
sloping line shown (Fig. 10), inclined to the horizontal at 
an angle 9* In the same way the vertical line of dots will 
in the actual case lean over Irom the vertical at an angle. 
I shall show later that these angles are not as a rule the 
same, hut for the present let us suppose this angle also is $, 
Then the correlation factor which measures the degree of 
connection between lather’s and son’s heights isr^tan^.^^ 

If there is no connection,* $ and therefore r will be zero. 
As the degree of connec^tion is increased 9 increases and 
the sloping lines giniduuHy approach each other. When they 
meet tf =46® and the correlation factor r equals unity. This 
is the usual linear physics graph in which as a rule two lines 
are not seen. But in work in which large extraneous in- 
fluences cannot be prevented the two lines are evident. They 
are known in biometry as regression lines. Fig. 11 shows an 
actual correlation table connecting father’s and son’s stature. 
It is taken from an article by Karl Pearson and Miss Alice 
Lee** in Biometrika II. 1903-^1 p. 416. 


» Oslton, Anth^ In$t , 1886, xv, 810; Froo. Bog. 

5oe., 1866, xl , 48, and 1888, xlv, 185. 


Since I wrote this artiolo I Iwto diflooverod tliat Mr. Xfdttf Tab 
has used the some table u on illustration la bis book on Tfioty of 
Statbtios. ' 




Fw timplio ty in pruting th« numbtrs m tha onginnl Ubl« in Bmuir%kft 
i]KK S It 416 Uv« baan moltipliad hj four thu aliminataa qnirtm nnd hi^vaa 
vhioh oeou through aome haighU ba ng bnlf way batwaan whole uwbaa. 


It lA intereAting to look at a oomlatioa table m greater 
detail If ne think of it oa \ plant horirontal surface and 
erect over the centre of each compartment i vertical line 
proportional to the number written in that compartment 
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then the tops of those linos touch a surfnro, the “corrcla'^ 
tion surface/* in shape something like a bell with an oval 
mouth. Its contour lines are ellipseB nnd if there is no cor- 
relation these are nrrnnj^ed with their axes vertical and 
horizontal, whereas if there is correlation the ellipses lie 
obliquely 

Tn Figure 11 the numbers over 40 have been printed in 
italics so that this contour line can be approximately traced. 
It is seen to be almost an ellipse, and it lies obliquely. Any 
vertical section of the surface gives a bell shaped curve 
known os the probability curve. The totals of the rows or of 
the columns are also arranged in such bell sbape<l curves’* 
which are not usually identical with each other. It is for 
this reason that ihe regression angles (which we put each 
equal to in our elementary discussion) are not really equal 
and 

r = ^/ tan di tan 

When correlation is complete the lines close up on each 
other, though not necessarily at 46®, especially where the 
qualities correlated are of different natures 

It will be noticed that I have ussumM that the regression 
linos are linear and not cuiveit. This is in fact the usual 
case but vhere it is not so, other mathematical devices have 
to be used/® The actual determinalion of correlation factors 
is no longer made by the geometricol metliod which I have 
indicated, bnt by various formulae (of which the Bravais* 
Pearson formula’® is the chief) and with the help of tables 
published chieflv in Riometrika Wo are now in a position 

**A model was shown at the meeting. Mr. Udny Ynle« in hia 
Jnttt}ductioii fo the Theory o/ StatiMtics ^vei a diagram of ite ideal 
normal frequency surface iu ilg 30 aud in^ilg SO he pTea a diagram of 
the actual surfacse for the abore correlation table 

“See Figure 18. 

“A correlation ratio y is then calculated See Earl Feareon^ **Oa 
the Theory of Skew Correlation and Non-linear BegreasioB*** Drapm* 
Company Betcarck Memoin, Biometric Series, n 

'*A Brarais, Analyse mathdmatique sur lee probability dee 
errenrs do situation d‘un point,** dead dcs Scieares, JfAitoim presents 
par diem savants. Series n, 1846, xx, 356: Kerl Peareon, ** Begreorioti, 
Heredity, and Panmixia,*' Phil Tfons.. A. 1806, ouDBCvn, 868. 
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to leturu to the tnse deilt with on puf^ 78 vi/ case ii(6) 
where the two phenometi'i art continuously vaiiibk but are 
only clasmfaeil not uieisuied The numbeis of caseH which 
will appeir in the tour < ompaitmcnts of i lourfohl Table 
will then dejiend upon the c houe ot st indards and o method 
of calculating' the roiielition fictor is lequiied which will 
ffive the same lesult (though not the simt uturacy) wher 
eaer the standards are chosen 

this dia^mi n presents such i tible 

Fia n 



The two bell curves lapnsent tlu total distributions of 
oand K ies|iictiveh ^Ve then have 

fr, +iC,)~(j-, + -> 4) /2 /'* 1^. 

N (the total no ) » X 

(the eroM hatched area on the npper earre) 

and 


(the croM hatohed are* on the side onrre) 
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h and ife can then be found from tables, and then^' 

+ 

TableH have been published wbieb mike the whole opera- 
tion faiily T*or the case of fathers and son^s stature 

already ffiveu in Fiflf 9, for which the complete correlation 
method fl^ves r — 0 614±0015 this method r » 609 

to a first approxinntion The probible eiroi is much larger 
than 0 016 

Methods similar to this have also been worked out b} 
Pearson and hts students for many of the other cases f^iven 
on pn#ye 78 


Tnr Mrf lUMCAi Hxivny oi- Indi ction at^d ij\t 
Indi c iivi Maciiiitf 


It IS important to notice that very often, even after the 
c nses have been collected and arranged in a table, the worker 
IS yet quite uncertain i*liether any (ausal connection is pre- 
sent But a mechaniral application of the formulae of 
correlation will tell lum whether the cases indicate any such 
connection, how great the connection is, and what pioha- 
hility IS to be attached to its correctness In fact, we have 
here a machinery for mduciion just os Jeions made a 
machine for deduction,^® and it is in this sense that the corre- 
lation metliod seems to be new It is almost Bacon’s hope 
realised, of being able to make inductions mechanically 
It IS easy to see how such a machine could be actually 
constructed for a Fourfold Table to indicate merely whether 
fj/jPa=>ra/r 4 If we arrange a kind of "cash register” 


Note that when r will be Mto and SOMpare page 8S 

^Vor an excellent eummao^ and hihliomphv, eee W A 
Men M^oiurfmenU Cambridge, 1911 

^iPuyiaond Lully an Italian, inrented in the thirteenth oes 
oontriTanoe by which logical nohone oonld meohanioaUy be brought 1 
combination Baoon and Beeoartee both aimed at inventing a genera] 
and certain method of reaearoh, and Leibnii gm mtieh tune and wonghi 
to the idea of a ”* oalonlue ratxoeuiator ** r Lethnie , by J T MenL 
Bdinburgh 1884, p 106 
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machine with four oompertments, each with n hey or handle, 
it would be possible to arrange on the principle of a calcu- 
lating machine lhat the necessary divisions would occur 
mechanically. We would then examine case after case, and 
for each one turn the handle in the proper compartment, and 
ns we went on the indicator above would show the values of 
«ri/.r 3 and To build such u machine f(»r the complete 

metho<l HO ns to show r direct, and for 11 complex correlation 
table would be iiifHcnlt, but is not inconceivable, indeed the 
series of articles and tables which Pearson has published in 
Biometrika are in effect such a machine, and can be used 
mecdianicully as a reci|>e for grinding out inductions. 

It is unne<;eB8ury to say that even were such a machine 
perfei'teil tliere would still be any amount of room for the 
individual intelligence in deciding upon what material and 
in what manner it was to be use<l, and in interpreting its 
results. Nor must it be supjxised tor an instant thot skill 
in experiment and care in observation and selection would be 
any less imiHirtunt: it is, on the contrary, of the greatest im- 
portance to do evetything possible to bring the disturbing 
antecedents to us (constant a state us iMisnible. I may here 
return to a point uhicli I mentioned in passing above. It 
must be remembereil that before all this mathematical calcu- 
lation is <*nmmenced the inductive leap has already been 
taken, that the material has been eolleoted and the calcu- 
lations curried out in the light of a hypothesis which has 
already been made, and which is only being te^l. This is 
undoubtedly the usual case, but the objection applies as 
much to the ordinary e\]>erimental methods of Mill. In 
other cases, however, the inductive act certainly happens as a 
result of the oulculntion, 1 hough it is, of course, a totally 
different thing from the calculation. 1 do not urge the case 
where the experimenter expects that a will vary directly 
with s and, on finding u negative correlatiojii is forced to 
conclude that it varies inveisely, for the directly negative 
may, I suppose, be included in tbe positive induction. But 
in calculating tho correlation between a number of inter- 

7 
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roniterted phenomena it is rare that new connections do not 
dawn on the mind. This is particularly the cane in experi- 
mental psychology where the interconnection of the various 
quantities measured is but vaguely understood. Often, 
indeed, a number oi phenomena are measured, and all the 
possible correlations and paitial correlntions between them 
worked out, ui the hope that some definite law will crop up 
in the process . WheJi a number of correlations have thus 
been calculated, it is possible to calculate what are called 
paitial correlation coefficients.^ Thih device beais file same 
relation to the MethcHl of Ooiieliition as dot's Mdl’s MetluHl 
of Residues to his ordinaiy meih<Kls. AIiITk fourth (^anon 
runs as follows: “ Subduct from an> phenomenon sucdi part 
as is known by pievious induct ions tcj be the effect of a 
certain antisHslent, and tlie lesidue of tiu' phenomenon is 
tlio effect of the remaining antecedents/' 

ronsidei a case wheie thiee phenomena, a k and w are 
suspected to he rnusall> connected. Tlio (*orrelations ot 
a and K, of K and cu, and cd and a have been calculated. 
We wish then to know for example whether a and 
K ore conne< ted by the same fact ol causation as that which 
joins each of them to w, or whether they aie connected 
imlejM'ndently by one fact of causatum, wliile other and 
different bonds unite each of them with w. To help us 
in this point we calculate what the correlation between a 
and K would be were it possible to keep a constant. 

The formula is 

— r • r 

^ an tua Kw 

V(P^)ip^y 

I take an example from some ralculntions which 1 mode 
two years ago on the examination results of 26 students of 
tliis cpllege in a number of subjects. The correlation factors 
ore given in Fig. 14, (they are subject to large proboble 

"O. Udny Tule On the Theory of Correlation for any Nnnber of 
Variablca, treated by a New System of Notation/* Proa, Eon. 

Vol TO 1, pp. 1007. 
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errors). If we now calculate whut would be the correlation 
between marks in Histoy and Literature were ability in the 
Theory of Education to be the same for all, we find 0*21, 
much less than the “raw" coirelntion 0 71, showing that 
there is something in <*oiuinon between all tliree subjects. 
To a less extent this is true of nil the subjei'ts, probably, 


Fio. U. 



Kducs- 

tlonsl 

Theory 

History 

English 

Liter. 

ature 


1 

Hygiene 

Weight 

C 

Msthu. 

mstios 

Masio 

Ednos- 

ticnul 

Theory 


0-80 

0-70 


0-42 

0-64 

B 


m 

History 

0-80 


0-71 


0 71 

m 

046 

0-Sl 

0-26 

Enjglbh 

Liter. 

stare 

0-79 

071 



0-66 

0-68 

0 30 

a 


(ieology 

0*42 

071 

0-66 


0-24 

0-41 


0-30 

Hygieoe 

064 

0 38 

0-68 

0-24 


0-47 

029 

0*02 

Weight 

fTeh 

0-40 

0-40 

1 

1 

0*30 

0 41 

0-47 


•08 

0*44 

Hsthe- 

mstios 

H 

0-81 ' 

1 

0-28 

' 04A 

i 

O'SO 

1 1 

- 08 


0-14 

Uotio 


0-2A 

1 

0-00 

030 

0-02 1 

1 

1 0-44 

0-14 



and at the time I was curious to know if this common factor 
in examination sucress was power of crummin^. I gave 
these students, therefore, a test in rapidity of memorising 
nonsense syllables, and workied out the necessaiy correlations 
and found that this power was the common factor, the 
examinations were testing something more than tlfis kind of 
memory. 
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StATIRTTCAL MKTUOnR AND iNDTVTDr^XilTY. 

The lawH which are deieimine<l b> thin method oi correla- 
tion are only true ** on the average ’’ as we say, in large 
nnmberR of cases. Tint this im a matter of fact is also the 
case with the most exact laws of pliysics, as Clerk Maxwell 
long ago pointed <jut m the case of the laws of thermo- 
dynamics. In biology, psycliology, wlucntiorf, economics, 
and the like the individual is easily observed and his import- 
ance not likely to be overlookeil. In physic^s the individual 
atom or individual electron is not so easily trackeil, though 
I am told tlint some recent work succcecls in following the 
flight of individual electrons. Hut even ^hen we examine 
the individual in say psychology we find that he himself is 
** statistical,'* is Influenced by countless forces, and that his 
most individual acts, as say, making a jicrsonal dwision, are 
of tlie nature of striking an average: and I should be in- 
clined to suspect that even the individual ele<*iion would be 
found to be complex, or at any rate its individuality and 
its individual behaviour when analytically studied be found 
to depend on the constancy of the average of large numbers 
of small factors. 

It will be seen that I consider that all .scientific lavts ore 
in fact statistical : for if we go behind any statistical enquiry 
to examine the individuals about uhoin it is conceined we 
merely destroy one individuality to create a number of 
other individualities which are themselves in due time found 
to be statistical in nature and to demand further analysis, 
and to this process 1 cannot see that then' need be any end. 
I suppose it is from the desire of keeping under continued 
observation one individuality ns such that the need of a 
synoptic view arises, about wbirb Dr. Mers in recent papers 
has spoken. But even though the process be endless it is 
^ nevertheless the problem of science to carry it out ; and it 
happens that in heredity— from the study of which I have 
taken my examples- a step behind the statistical view which 
has been considered in this paper has already been taken. 



The Galton School, using the methods of correlation, is 
studying the average. The Mendel S(*hool, on the other 
hand has come upon a law dealing with eompurutive units of 
inheritance. Perhaps us our knowledge of Mendelian units 
increases, it may Wome possible to explain by tlieir random 
(*ombination the average results uhich aic being measured 
by the biometricians, mu(*h as the laws of mechanics applied 
to individual atoms explain the properties ol matter in bulk. 

Conclusion. 

Plurality of Causes is probably, and Plurality of Effects 
is almost certainly, only apparent and is due to our inability 
to analyse : but us to analysis there appears to be no finite 
end, so this plurality never cun disup])ear, and the Methods 
of Agreement and of Difference, and the Joint Methoil seem 
to be applicable strictly speaking to abstractions onlyi never 
to actual things. To these the Metho<l of Agreement and 
Disagreement, u wider and more definite foim of Mill’s 
Empirical Method (winch it includes) has to be applied and 
in its quantitative form this bccomeh the Method of Corre- 
lation. The Metliod ot Agreement and Disagicement in- 
cludes all the other qualitative methods us special <*aseH and 
corresponding to these on the quantitative side uic different 
problems in the Theory ot Correlation on which much mathe- 
matical labour has been expended during tlie past ten years, 
leading to important extensions of the Theory of Probability. 
The result of this has been the publication ot formulae and 
tables which make the testing of inductions n mechanical 
proceeding. The inductive leap itself is of course not 
mechanical, yet the readiness with which suspected ouiisor 
tion can he tested is a great incentive, and the process of 
testing often suggests new ideas. The new devices ore a disr 
tinct advance and ore the weapons by which induction is 
conquering new and difficult regions, and us such they will 
doubtless appear in good time in the text books of logic. 
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Defokestation in Ancient Greece. 

liy Maubics S Thompbom, M.A 
[Read May 15th, 1013 ] 

In cunrtulennK the (‘uiiditionB under which ancient Greek 
civiliHution lune tind declined, one of the mo8t important 
quoHiionH to he deciilcnl (^oneeinH the actual Htate or even 
appearance ot the land itself/ Was ancient Greece as poor a 
country as (ireece in at the ])roHent day or were the hills that 
are now barren then coveted with soil and trees, and the land 
as a whole in consequence fertile instead of beinK* as it is 
now, one ot the poorest on the noilhern hliores of the Mediter- 
ruuean seai' And it aneient Greece was fertile and well 
forested while modern (irecs«e is not, when and why did the 
change occur Was it gradual or rapid and can it be shown 
in any way lo liave alteideil the development of civilisation ^ 
That some (duinge has taken place is appaismtly usually 
admitted, but the dltfeieiice between past and present 
is either cousideied to lie slight or of little consequence; at 
least in most discussions of ancient Greek et^onomic* (*ondi- 
tions it is almost completely ignored. The present paper 
makes no pretence of attempting a definite or conclusive 
answer to the qm*stioiiH pio]>ounde<l uliove; at best it offers 
u few hUggestiouH on a Humewhai obwmre and neglected 
subject. 

It is iierliaps nw-essary at the outset lo realise what the 
pieseiit condition iif llie country is, especially as in many 
accounts its nuiunil injverty seems often underestimated. 
The gteut variety in enqw and vegetation possible in any 
mountainous land in a warm climate is esiKHually marked 
in the case of Greece where plains may vary in elevation 
as much as 2,000 feet, and arable land even to a greater 
extent. This variety at flist sight is liable to be mistaken 
for abundance and wealth, which is u very different thing. 
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For example, a village in Aetolia may produce within ita 
small territory, lobucc'o, vines, olives, and eorn, and ot 
corn perhaps have two harvests with a six weeks interval 
between them and yet at ihe same time be iMiverty-stricken 
and continually short of food supplies. The poverty of the 
land to-day is far from being entirely due to Ini^k of develop- 
ment and bad farming, though much could be done to 
improve it According to siuiistiCH (54 per tent of the whole 
country is barren, that is to say .it best it grows scattered 
tufts of a pru*kly scrub which aftords susteii.ince for goats. 
About 8 per cent, is occu])itHl by pasture, about 18 jier cent. 
IS under the plough though pint of this urea is almost more 
stones than soil. The retuauung 9 jier cent, is nominally 
under forest, but only a portion ot this grow's trees of suffi- 
cient size to be ot use for timber, and even wheie the trees 
are large enough tlie great difficulties of trunspoit in the 
hills reiidei's them hugel> useless.’ The geneiiil lack of large 
and useful timber is seen in a varhdy of ways ; the use of 
largo scaffolding in building is caiiefu]l> avoided; sheds are 
commonly ot suudried mudhrick exi cpt in a few favoured 
loc^ulities; the small w^oodeii pegs used by the cobblers to 
sole boots instead of nails aie tiequontly imiKiited from 
Austria owing to the lack of hard worxl of any kind 

What the country neeils at piesent to make it teitile is 
soil and liees on the hills and mountains, neither of which 
is possible without the otliei. Trees ou the hills might 
perhaps increase the nilnfall. but they would without doubt 
hold up the soil on the sloiies, ehei'k denudation and prevent 
the winter ruins pouring off the laud into the scu befoie the 
soil can benefit. 

No one who is ae<|uuinted with the not thorn part of 
Pindus where the forests still survive cun have failed to 
notice how closely deforestation is followwl by the denuda- 
tion of the hills. Some of the villages in that district just 
to the north of the Thessalian frontier subsist very largely 

> JUistotle*! ideal city hod to be easily aooeeefble for the eanyiag of 
Umber. Pol. iv.« 6. 



102 
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on trading in timber. The inhabitants of one of these 
began to cut the woods on the mountain slopes directly 
above the village. In a very short time the side of the hill 
began to slip away, Bireums that had hitherto flowed harm- 
less down Ihe village street increased in sise; one cut out for 
itself a large ravine uud swept away a group of houses. The 
damage was sufilcieutly great and the cause sufficiently 
obvious to induce the village to act on its own initiative. 
Woodn'uHing above ibe village was stopped, replanting was 
tried and gouts and sheep kept out. By these measures the 
immediate damage lias been checked, but the ravine is still 
gradually increasing in sixe. Tnless the village had fortun- 
ately happened t<i be in the way, the wood-culting would 
have continued, and there is hardly the slightest doubt that 
by this time ihe whole hillside would be bare. Deforestation 
in the hills- -in the plains it is a different matter — ^is in 
Greece followed by denudation in a very few years. Then as 
soon as the hills uie hare of soil the plains in their turn 
suffer by the rush of water from the liills. There is no place 
in Greece excluding a small urea in Thessaly which is as 
much as lU miles from a mountain, and a chaiucieriHiic of 
Greek mountains is their steep lower slopes and general lack 
of foot hills, features which help to increase the rush of 
waters on U\ the plains. 

Information on the question of deforestation and denuda- 
tion in the past is fnim the very nature of the case hanl to 
acquire. The evidence such as it is may conveniently be 
divided into archaeological, literary and geological, and 
though in many resiiects it is admittedly slight, nevertheless 
it seems to show first that there was a time when Greece 
was a well forested and fertile land, and secondly that the 
effects of deforestation and denudation had become a serious 
economic question by the beginning pf the fourth century, 
B.c. 

In the prehistoric age northern Greece, and Thessaly in 
particular, was inhabited up to the end by a people who were 
still in a low state of oiviluation. The northern part of the 
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country in fact never came under the full domination of 
Mycenean rivilixation ro prominent and extenHive in the 
south. In TheHsaly either in the plains or at the edge of 
the hills over 60 settlements of these primitive people are 
now known, but all these sites aro to the east of an imaginary 
line drawn north and south through the modern town of 
Kardhitsa and in the plains west oi this line no early remains 
have yet been discovered. This cessation ol huiuiiu habita- 
tion in the plains about 10-15 miles short of tlie range of 
Pindus which forms a natural boundary requires some 
explanation and the simplest solution of the problem seems 
to be that we have here the limits of a torest belt that has 
long since disappeareil.^ 

In south and central Gietre wd»ere Mycenean civilisation 
flourished in the prehistoric ^lerind, the distribution of sites 
is not nearly so clearly defined; nevertheless it is noticeable 
that the Mycenean sites as u whole cease at a lower level and 
keep neater to the plains than the laU»i Tlellpui<' sites and 
that these in turn cease at a lower elevation than the villages 
of a still later periotl Thus as time went on the sites of 
habitation have extended uiiwanls In the earliest times 
there seems to have been an nhjeetion to living in tlio hills, 
and in the ease of Thessaly to living in a certain part of the 
plains, and this objection seems gradually in euuise of time 
to have been removed. Here again it seems probable that 
the extension of the inhabited area followed the retreating 
forest line. To this genertilisution that applies to the main- 
land especially, the island of Crete is an exception. Early 
sites in Crete are found at n considerable elevation; but 
since Crete was civilised centuries before Greece itself it k 
only natural to suppose that the forests would decrease there 
at a correspondingly earlier period. The exceptional posi- 
tion of Crete helps to confirm the rule. 

Apart from their distribution the remains of the Mycen- 
ean age are evidence in another way. The reconstruction for 

* Pr$kiitorie Thenaly, Waee and Tltoouwon^ p 6, Cambridge^ lOtS. 
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example of any of the greni Myc*enean palaees would at the 
preneiit day involve the importation of timber, lleuniH of a 
Hufficiently lurffo Hisse (m)u1cI hardly be prorured in the country. 
They miKhi ])erhap8 be found in northern PinduB, but even 
80 for purpot»eH ot tiaunport would have to be hewn into small 
logs or plunks. The Myeeneun palace assumes a better 
supply of timber locally than now exists. Passing from 
the romuins of the Myconeun age to those of the historical 
periiKl we are led to u similar coticlusion. The an*hite<*ture 
of a Greek temple is clearly derived from a wooden prototyjie 
even in its minute details. Thus the row of guttue are the 
wooden (legs converted into marble oi stone, and the external 
painting of the marble temple probably goes back in origin 
to the wooden originals. That not only the prototype of the 
Greek temple was oi wood, but that wooden temples once 
existed in Growe is beyond question. The early temple at 
Thermon was largely ol wood but the best example is the 
temple oi Hera at Olympia a building of a large sme which 
though later of stone in its earlier stages was of wcnid. When 
excavated it uuh noticed that its columns were plu(*ed at an 
unusually luige distance u])art, and that no two were exactly 
alike or seemed to be oi the same period nor was any trace of 
stone woik above the columns iouud at all Pausanias^ in 
his account of this tenijile recotds that in his time one col- 
umn was ui \\u(m 1. This confirms what might otlierwise liave 
been ussumeil fiuiu the differences between the stone columns 
and the large space between each, and the thefiry is usually 
accepted that this temple was originally of wood and that as 
the wooden columns doeuyeil they were lepiaced by stone. 
The last wooden survivor seen by Pausanius wOs as might be 
expected in the interior and so not exposed to the weather. 
The question ot interest is why did the Greeks in this most 
inartistic way patch a wooden building with stoned I sus- 
pect the answer is that beams of sufficient strength and 14 
feet in length, which is the height of the columns, could not 


PlHW. V., 16. 
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easily be procured. Timber of a large siase was difficult to 
obtaiu. The few ByKantiue and Meilineval huildiugs that 
survive in Greece show an economy ol uomlwork greater 
perhajMt than the buildings in the north ot the iKminsuln. 

In using literary evidence for the uppearnnce oi ancient 
Greece in one respect in particular considerable caution is 
needed. Descriptions of scenery wliich are for our present 
puriHise most valuable are apt ut times ti> most inisWud- 
ing, for the particular phu*e described may nut In* typical of 
the country and in many cuhes veiy probably is not To illus- 
trate thifi by what I strongly suspe<*t is an example The one 
place in Greece which uppealeil us scenery to the ancients 
w’as the vale of Temiie/ and yet us a i(M*ky gorge it is infer- 
ior to many in Greece. It so happens, however, that Tcmpe 
is the one plu(*e in Gi^eec^e to-day that appeals strongly as 
beautiful to the onlinary Uieek peasant, and the attraction 
at the present day is admitteilly due to the faid that there 
<*au be seen theie even in sunitnei green grass, huge trees 
and a liver with water in it. In short, Temi>e is liked to-day 
because it is typically not Greek. Whether this was the case 
or not in ancient times, it is imixissible to say ; hut it is quite 
probable it was At all events descnjitions of scenery are 
liable to be misleading. The uumei*ous epithets and similes 
referring to mountain woodland in the Homeric poems sug- 
gest at least to myself a feitile ami wotMled (irecc*e.® Flocks 
and herds are common in Homer and Hoinerii* fcxid supplies 
are a striking contrast to the meagre vegetarian diet of 
Plato’s Republic. This difference is of some imjwrtance as 
it is not solely explicable by tlie increase ot ugricnlture at 
the expense of pasture land, sim^e the two in Gree<*e except in 
the cose of the fields left fallow hardly overlap. To bnnisfa 
agricultuie from Gn^ece to-day would only mean an increase 
of winter pasture, on increase of summer posture would re- 

* PlltiT, Nat. SUt., IV., 8. Of. Lhy, xuv , 0. fTsrodotiu* hitsrMt 
is geologioal. 

* It seems naelese to giTe s list of Instuioesj which, taken slaghr* an 
of little weight. Of. Browne, fiofnerie Studff, p. 136^ and Qiddaa« 
ProbUm^ of ta« Uomarie Poami, p. 360. 
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quire soil on the hills. One in the Iliad bj itself is 

almost deidsive. 

, At the time wbtn the woodmaa wewtj of felling tall trees nwlras 
ready hu tnoal then did the Aohoeans charge through the ranks . . 

If it be nssumed, as upparently it usually is, that these lines 
were intelligible to the Iloiuerie audien(*e, and that they 
knew whut time ot day was mtended, it follows that Homeric 
Greece was iur and away more wooded than Greece is at 
present. 

In contrast we may turn to the account of Attica at the 
opening of the (Vitias; it is a cumpurisou between whut 
Attica was in PlatoV own clay, the end of the fifth and begin* 
ning of the fourtli century, and os he nupposed it to have 
been at the time of tlie mythical war of AUi<‘a ami Atlantis 
which happened 9,(K)U yeuis before his time. 

The consequence is that, in cumparisou oi what was 
then, there are romuiuing only the Imnes of the wasted body, 
US they may be culled : in the cuise of the small islands all the 
richer nud softer parts of the soil have fallen awuy and the 
mere skeleton of the land is left. Hut in its primitive sbite 
the mountains were high hills covered with soil nud the 
plains were full of rich earth, and there was abundance of 
rich wood in the mountains. Of this the last triices still 
remain, for although some of the mountains are now only 
sustenance tor bees, not so very long ago there were still to 
be seen roofs of timber out from trees growing there, which 
were oi sufficient sise to cover the largest house : and there 
were also other high trees cultivated by mSn and hearing 
ahundanc^e of food for cattle. Moreover, the land then 
reaped the benefit of the annual rainfall ; not as now losing 
the water which flows oft the bare earthy into the sea, hut 
having an abundant supply in all places and receiving it 
into itself and treasuring it up in the loose cloy soil, it let off 

* Iliad XI., 96. Thi tunal text reads ‘SeSrvor* but S^odotns read 
* Sdproe’— like tine of this meal seems to have troubled the' coin meata* 
tore. 
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into hollowH the streams which it absorbed from the heif^hts 
providing everywhere abundant fountains and rivers; of 
these sac^red memorials may still be obseived, in places 
where fountains once existecl: and this proves the truth of 
what I am saying.’*^ 

The main points of interest in Pluto's account of Attica 
are these : that the deforestation and denudution are directly 
and riglitly connected and that both are thought to be 
recenf, the remnants of the old forests are in fact remem- 
bered. From this passage we may therefore conclude that 
hy tlie time of the 5th century deforestation luid l>ecome a 
serious question in Attica. This date may perhaps be con- 
firmed by certain archaeological evidence. The Penielic 
marble (quarries were not worked until the 5th century; were 
they only <liscovered after tlie trees had disappeared H The 
account in the Critins excepting the reference in ii to still 
greater denudaUon in the islands only refers to Attica, and 
iJiere are several reasons for suspecting that Attica was 
more liable to suffer from deforestation than other parts of 
(Ireece. Achnmne was a well-known cenlre of charcoal 
burning, a most destructive trade and the silver mines of 
Laureion must have been a severe drain on any lo<*iil supply 
of timber. The evidence therefore for Attica cannot be 
taken as applying equally to the rest of Greece. 

The Ilomeric Hymn to Apollo, whicli unfortunately 
cannot be accurately dated, i»reserves the iniilition that 
forests once covered the Theban plain, though when the 
poem was written they had censed to exist.** At the time of 
the siege of Plntaen in the latter part of the 6th century we 
hear of timber 1>eing cut on Cilliaeron® wliich still possesses 
some trees. Tliere is reason to suppose, however, that even 
in the 5th century this supply was strietjy limited or of a 
poor quality; for Theopompus describes how during the 
Peloponnesian war the Boeotians acquired wealth by carry 
ing off wooden beams from the abandoned houses in Attica 

' CritUi, m , Jowstt Trans. • Horn Hymns in., 327 • Thvo. n., 7#^ 
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This fltory Iiqh further point when it is remembered that the 
inhuhitiints of Attica on leavinfr their houeee and retiring 
into Athene took with tliem all the wootl work tliey could.*® 
PuruuHHUs, which in ILuiner ih forest clad, like Cithneron still 
]M>HsesseH some woods, but by (he fourth century the^, timber 
from there was cousidered among (lie worst in ^ree«*e.** 
Among places where trees existed in antiquity hut which 
now are completely bare are the plain between Tegea and 
Mnntinaea/* and the region round Thaumaki.*^ Fiom the 
fifth century onwards timber tor sbipbuilding was difficult 
to find witliiii (lrep<*e, and (be best came from Macedonia, 
Thrac^e and Pont us. Tlnicydides notes that tlie loss of 
Ampiupolis dejirived the Athenians of a source for timber, 
and the dependence of the (Jreeks on Macedonian timber in 
the foiirtli and tbiid ceiituiies is noticed frequently.*^ 

An inscription found at Olyntbus of a treaty between 
Amyntus TIL and the (luiiciduins*® regulating the import of 
limber ami especially of ]iine illiisfrates the great importance 
of the Macedonian forests. Theoplirastus, who gives a list 
and some arcount of the liest places for ship timber, places 
Macedonia first, Pontus second, Uli^^ndacus third; then 
comes the timber from Greece, of which that from Parnassus 
and Eubma was the worst, the Arcadian timber slightly 
better and tliat from the Aenianes the best. The quality of 
the wood used by the Greeks for shiphuildiiig was probably 
not high. The ancient Greek ships w'ere not meant to face a 
storm, under normal circuinstances they never put to sea in 
winter, and even so they had constantly to he repaired. 
Even the Athenians at the height of their naval supremacy 

'■Thuc n., U. 

" Theophnuitiis. HUt Plant, iv., 6, 6; v., 3, 1. Pirns, vm., 11. 

Livv XXXVI , 14. The Laoonian Asine seems onoe to have had 
forests Leake, Mor^a i., p 496. Thus iv., 13. 

Thuo. IV , loe. Xen v., 11, 16. TMod. xx., 46. Plutarch, Dematr , 
10. Pemos xux.^ 96 ; xtx , 96S Cf also Hdt v , 38. This lirt la fay no 
means ecimpteto 

Dittenberflfer Sjlloge^ No. 77h»Hlok8, Hitt* Qraik Interip*, 
No. 74 " 
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could uot supply their troops at Pylos throughout the winter 
months, 

Not only timber for ships laid been obtained outside 
Greece : the Eleusiniun inventory reoonln payments made to 
sawyers of Moceilonian timber, and refers to squared logs 
from the same locality.*^ 

Details ot the M>ntfoldiug nseil ior the Parthenon and 
Propyliea are not known except that pains weie taken to 
sell it off when dune with and this alone siiggesis that wood 
for scafFolding was rare. 

In a certain number of eases there is definite evidence for 
changes in tlie coasi line having occurred within historical 
times, and other geological changes within the same ]ieri(Ml 
seem also to have happene<l in some ot tlie valleys and plains. 
IIow' tar any of the examples given below may be due to the 
denudation ot the hills must be lett for geologists to decide. 
It is unfortunate that (Irewe as yet from the geological 
standpoint has not been fully examined. 

Since the days ot the biiitle ot Tbeniiopyla' tbe silt 
brought down by tbe Spercheiis has added about **10 square 
miles ot land to the coa^t ol Malis, and Theimop>lic as u 
narrow* pass has now ceased to exist. If would be interesting 
to know W'hether the rate ot increase W’ns aa rapid before the 
fifth century as it has been since. The existence of pre- 
historic settlements which date from about 2,(KH) H.(\ and 
probably were never on the coast, near to the village of 
Auiuri, not fur from Liatiokladhi, may perhaps help to solve 
this question. 

The rapidity with whicli the const line in south 
Acamonin was increasing during tbe fifth cehtury owing to 
the silt washed down by the Acheloua was noticed both by 
Herodotus and Thucydides.^** In both these cases denudation 
of the interior seems to be implied. 

“ Thoc. rv., 27. 

Greek nsrintion ia generallv vaetly over-rated It in pomible to go 
eo far hy ooaating royagee ia the Aegean that the open eea wan not 
attemptM The inoentive of deep eea &hing la also lacking 

Dittettberger« op.^i , 687 Hdt. ii., 10. Thuo n , 102. 
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III Pliorifl in the Cephisftus valley which leads into lake 
Copaifl some change may he suspected Ihe rlassical sites 
nre it the sides of tht valley on the bottom slopes of the 
hills but by Chaeronei there is an early pre historic site in 
the centie ol the \alley in a position now often flooded out in 
winter In the pro histoiu ige the waters of Lake ( opais 
used to flow out into the sea opposite Euboea through *i 
number of natural tunnels This nntumi system of drainage 
was not entirely sitisinctor\ for before the end of pre 
historic age the wafers of the lake were controlled by a 
system of stone dykes At u later period the tunnels became 
bloc ked snd inefRcient and the dykes in consequence became 
useless or else were neglec ted 1 he precise effect on the area 
of the lake except that there were floods is obscure but an 
attempt uas m ule to drain it in the fomth centur\ by ( rates 
I mining engineer fiom (liilciH^*^ Plussah Iso prcvules 
an example ol 1 kes having < hanged their si/e In Strabo s 
time Hoehcis wis much smalhi thin Ness mis VI present 
the re>eise is the case The snnll islind of Paliuria since 
c lassie nl times has I eeii ]oiiiecl lo the next isle by a bank of 
mud*^ 

lo sum up in concliiMcn the vinous suggestions mada 
tibo\e In the hist plict it is extremel> hard if not 
im]Kssible to imagine an^ greit cmlisntiou developing in 
u lind as biiieu and uiifeitile as Greece is now There is 
in rt prt rt rise lor some clnnge hnviiig occurred From 
certain iiclnec logic ul evidence moiecver it appeared that 
though in earh times Greece seeins^io fiu\e been well 
forested the suppU of timber later began to fail The 
literary evidence on the question also points to a similar 
conclusion The Homeric poems suggest a fertile and well 
treed country the ic counts of the fifth and fourth centuries 
indicate clearlv tlie opposite the old forests are still dimly 

* Strabo 407 It u now drained hj cumale 

” Fans n 38 0/ Leake Mor«a ii p 450 1 have seen it stated 

bat eaaaot teoall whm tbit a tboal by Hydra setnu to have been 
fomied by the denudabcm ctf that island 
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remembered, but the land in parts at any rate is already 
suffering severely from lack of woods and denudation, and 
tor large timber is dependent on Macedonia and Thrace. 
The Greece of Plato and Aristotle is in fact not so very far 
removed from the Greece of io-duy Notice, for example, 
the food supplies, and tlie regulations about water. Lack of 
food is assumed by Plato to be a normal cause for sending 
out a colony. The idea of a self-supporting town has become 
nearly incredible ; for though the city in the Politics is said 
to be " self-sufficing,’’ yet like the city in the “ Laws,” 
it has ** a little of moat things but not abundance of any.’* 
Dependence on foreign supplies, though in theory detested 
by most Greek philosophers, is admitted in their Eutopias. 
The mention of forest guardians among the officials in the 
Politics is by itself significant: forests are never looked 
after till they have mostly disappeai od.®‘ 

The date suggested for the time by which denudation 
and deforestation had become n serious question, corresponds 
with the beginning of the decline of Greece and although 
political failures Were the chief causes, the increasing 
poverty of the land itself may have bad some effect. Some 
economic reason seems to be needed io explain why the 
Greek cities outside Greece continued to prosper after those 
in Greece itself had almost censed to be of any importance. 
It also happens that Thessaly which became important late, 
continued to be so after the rest of Greece, and in the fourth 
century Thessaly alone of the Gieek states was exporting 
com.** Now Thessaiy is a region that con only suffer from 
denudation to a very limited degree; it consists of a plain 
surrounded by hills through which there is only one outlet, 
the valley of the Peneua. The Peneus also does not drain 
all the* plains. Thus the soil of Thessaly is safe for all time. 

As to why the forests perished various reasons may be 
given. It has several times been suggested that within 

” Of in partienlnr, Politiet, zv , 6 and 13 Law$, vm., 70S, 

e 
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historical times the climate of Asia has become considerably 
drier and a similar change may have occurred in the Aegean 
as well.®^ Unfoituualely there is innufficient historical 
evidence to teat such a theory thoroughly for the region 
where it has been mainly apidicd. Moieover, in connecting a 
climatic change of this kind with deforestation^ the question 
at once arises as to which is cause, ond which effect. The 
Jestructive capability of mankind Reems by far the most 
probable solution. Reckless timber cutting without replant- 
ing, and replanting by itself is of little use in a gt>at country ; 
the increasing donniiid for woml for flliipbuilding and above 
all for mining; forest fires casual or otherwise and the 
destruction of n^iods for military ptiriKises^^ have all to be 
considered. Outside Greece there is ample evidence for 
rapid deforestation on a large scale by human agency; for 
example us late as the Kith century many of the hills of 
Castile were under forest Lastly the faet that the most 
thiekly wooded parts of Greece ore those which in the post 
were most thinly populated argues that man has been the 
main cause rather than eliiiiatic chaugev 


** Some snggestioiu on this point may be found in The Vedlierreneen 
Pilot. 

^ Xerxes destroyed woods in Msoedonin^ Hdt. vn., 181. The wood 
at Pylos waa fired hy mistake. Thao. rv.. 80. 
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Colour CnAKOE^iN Colloidal Gold. 

By S H Lojro, B Sc. 

[Ueod Hay Idth. 1918.] 

iNTWonrmov. 

Tlie existence of Iwo ^Id eolloidnl solutions has lonpf 
l)een known One of these is red nnd the other blue. The 
distinction between these two colloids has been examined by 
Lumpu.^ This investiffutor rentrifuj^aliswl various solu- 
tions of eolloulul K^ld and from time to time luvcatignted 
their absorption spectia by means of a spectiul pliotometer. 
He found that the tiuiispaieney of the solutions towards re<l 
increased in much greater pro))oition than the transparency 
towanls blue duiing the time the solutions weie centrifu- 
aullsed Since the process of centnfugalisation brings about 
the deposition of laiger particles, he concluded that in red 
colloidal gold solutions the particles were smaller than in 
blue solutions. 

The object of this paiier is to study colloidal gold solu- 
tions further, particularly from the point of view of colour. 

ExFEaiHKNTAL WOEK, 

Colloidal gold solutions in water were prepared by the 
new high frequency arc method this method is particu- 
larly suitable for the preparation of colloidal solutions as it 
lends itself to a great variation of conditions, such os a 
change of voltage, amperage, frequency or arc-length of the 
arc burning under the solutions in which the colloids are 
prepared. By variation of the electrical conditions three 
colloids of gold could be prepared. These were respectively 

^Akad. Wi$9. WUn, SUa. Bmr. 

•froe. VfUv. Durham PhU, Swi., 1918, v., p. 68. 
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red, blue nnd purple iu colour. The one most commonly 
prepared was purple. Theee eolations were then subjected 
to lOO volts in a Hardy tube. This piece of apparatus con- 
sists of a larf^e U tube which is partly filled with distilled 
water. Platinum electrodes dip into the tops of the arms of 
the U tube. By means of a third tube fitted with a fflass 
tap and sealed into the bend of the IT tube the colloidal solu- 
tions were allowed to flow into the apparatus rising to an 
equal height in either arm of the IT tube. If the colloids 
were allowed to flow in slowly and carefully, one obtained 
a quantity of colloid in the bend of the tube separating 
two columns of distilled water which stretchetl to the plati- 
num electrodes. The surface of separation of the distilled 
water and colloid was distinctly visible, and even when 
motion of the colloid took place, this surface of separation 
persisted. 

When the colloids were placed in the Hanly tube and 
subjected to 100 volts, the following results were observed ; — 

(1) The blood red colloid of gold moved wholly to the 
Kathode in about 0 minutes. 

In allowing this action to continue for about 16 
minutes there was a gradual transference of the solution 
from the Kathode arm to the Anode arm accompanied 
by a change in colour from red to purple and finally to 
blue. When this action was allowed to continue for 60 
minutes it was noticed that all the solution had cbgpged 
from red to blue, and from the Kathode arm to the 
Anode arm. 

(2) The deep blue colloid of gold moved wholly to the 
Anode, and although it was allowed to stand under the 
action of 100 volts for 120 minutes no further changes 
were observable. 

(3) The purple solutions of colloidal gold had a double 
action showing them to be really a mixtnre of the red 
and blue colloids. The purple colloids divided into red 
solutions which ascended the Kathode arm and bine 
solutions which ascended the Anode arm. 
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On allowing the action 'to continue for some 90 
minutes, it was noticed that the Kathode tube became 
more feeble in colour while the colour in the Anode tube 
became a denser blue Alter GO minutes the Kathode 
arm of the Hardy tube was praciically colourless ; while 
the Anode arm was a much deepei blue (*o]uur. Although 
the action was alloued to continue for 120 minutes, no 
further changes were observed. 

A quantity of red colloidal gold was taken, and into it 
a very minute quantity of common salt was placed. This 
caused a gradual change in the colour of the colloid from 
red to blue. 

These results are in agreement with those of Blake.* 

By u vaiiation of electrical conditions the following col*- 
loidal solutions were piepared and placed in Jena glass fla^ 
to minimise any action occurring between the colloid and the 
glass as might have been the case if ordinary flasks bad been 
used. After standing for some three months the following 
results were obtained. 


Ookrar imiMdUtclr OQ 
|ii«p»r»aon 

Ookmr after itMidiiic 
3<Uyt. 

Colour after ■Undlnff 

1 BMmtha 

Faint Reddish Purple 

Bluish Purple 

Blue and no reddish 
colour Yinblc. 

Red 

Reddish Purple 

Blue. 

Reddish Purple 

A strong Bluish Purple 

A Deep Blue. 

Veiy Deep Blood Red 

Bluish Purple 

A TOTj intense Blue. 


Here again the change is probably due to the presence 
of an electrolyte which dissolves out of the Jena glass. 

TiIBOEY OV ExPKRIlifcNTAL RkSIXTS. 

The explanation of these results is bused on facts put fot^ 
ward by 

* iflisr. Jotcni Scienu, 19. pp 438441. De^.. 1808, 
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Helmholt* {Wied. AnnaltH VII., p. 337, 1879. Mem- 
oirs Lond. Phys. Sot*.), 

Luml>(//n'< .Ijhoc. lirp., 1887, p, 496), 

Noyes (,/ouni. Amer. Chem. iSor., vol. xxvii., No. 2, 
p. 85), . 

Burton (Phil. May., April, 1906, p. 425). 

Whitney and Blake (Jour. Amer. Chem. Roc., xxvi, 1339, 
1904), after working on the movement of colloidal particles 
in an electric field concluded that the direction of motion of 
the colloids depended upon the associated ions. 

The colloidal gold solutions used in tins woik were pre- 
pared in water. In this liquid ae have two kinds of ions 
present, namely (OHl~ ions and (H)^ ions: Thus we ought to 
be able to form n double series of colloids of gold in water 
one in which we have charged gold particles possessing a 
negative charge and associated with (H)^ ions and the other 
in which we have {waitively churgetl gold particles associated 
with (OH)" ions. 

Pi'om the experimental results obtained, the following 
conclusions were drawn • — 

(1) Ked colloidal gold in water is associated with 
the (OH)~ions and moves to the Kathode. In this solu- 
tion the particles are very smoll. 

This colloid may be lepiesented by the formula 

n.Au^ + H+OH- - Aa+(OHr + (Hl^ 

We may consider the above thus. Depending 
upon the conditions under which the gold was dispersed 
under the water, u group of particles received a positive 
charge and on entering the disperse medium became 
associated with the negatively charged (OH) ions form- 
ing n gold-hydroxyl aggregate. This by a slight 
displacement may be looked upon as a group of gold 
particles surrounded by an atmosphere of hydroxyl ions. 

(2) Blue colloidal gold in water is associated with 
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the (H) ions and moves to the anode In this solution 
the particles are lurger than in the case of red (*olloidal 
gold. 

It nuiy be represented] by the formula 
n.Au"+ ^ AU-C9/+ (OH)^ 

Again in this case, we may couhider that according 
to the conditions ot dispersion, the K^ld luirticles have 
received u negative <*haige. (Jn entering the dis^ierse 
medium they have become associated uitb the (H/ ions 
forming the aggregate AujTCH)'*' \\hich on slight dis- 
placement may l)e eonsideml as a group of charged gold 
particles, negatively chargiHl, and sui rounded by an 
atmosphere of jwisitively ehiirgeil hydiogen ions. The 
number of attachedl ions to the aggregate will depend 
upon the charge jiosscssod by the group of gold particles. 

(3) Puride colloidal gold is simply a mixture of the 
re<l and blue colloids, and tlie ditfeiont shades of purple 
depend upon the proportion of red to blue present in the 
purple solution. 

(4) The more stable form of gold (*olloid is the blue, 
and the red may be changed to blue by two actions, 
namely : — 

(1) Action of an electrolyte. 

(2) Action of an electric field 

Further experiments were done on this work as follows : 
A blood retl sulutiou of colloidal gold was placed in a cell 
as used in work on absorption spectra. Into this cell two 
platinum electrodes dipped and these were connected to the 
100 volts supply. The absorption spectra were photographed 
every two minutes, each extKisure being of 30 seconds dura- 
tion. In this way 9 spectra were obtained. During the time 
these spectra were photographed it was observed that the 
colour of the colloid changed from blood red to a deep blue. 
This colour change set m after the colloid had been subject 
to 100 volts for about 6 minutes. The action was allowed to 
continue for 60 minutes. At the end of this time the colloid 
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was precipitated us a deposit of very fine dork particles. No 
further colour changes were, however, observable. 

The spectra showed the following results: — 

While the colloid was red the spectra showed a large 
absorption bund extending throughout the orange region. 
As the colour chungeJ to purple this band gradually nar- 
rowed down and the edges be<*ume more sharply defined. 
When the colloid was blue in colour the abaorptioix band 
was only about one-sixth as long as when the colloid was in 
the red stage and the edges were very sharply defined in the 
blue condition. 


SVUMAKV. 

(1) lied colloulul gold is an aggregate consisting of 
positively charged particles surrounded by hydioxyl 
ions, these latter being slightly displaced so as to form 
an atmosphere obout the former. 

(2) Blue colloidal gold may be considered to be un 
aggregate of negatively charged particles surrounded by 
positively charged hydrogen ions, these being slightly 
displaced so as to form an atmosphere about the charged 
particles, 

^3) Purple collodial gold is a mixture of the two 
previously mentioned colloids, and the various tints of 
purple depend ui)on the amounts of reil 'or blue present, 

(4) The more stable form of gold colloid is the blue, 
and the red may be changetl to the blue by tlie action of 
(1) Electrolyte (8) Electric field. 

In conclusion, I wish to thunk Professor Stroud for 
his kindly interest in this work. 

My best thanks are due to Mr. H. Morris-Airey for sug- 
gesting the original work on colloids, from which the present 
paper was one development. 
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A Method of Cobbectixq the Colour Sbnbi- 
TIVENE8 8 OF A PHOTOGRAPfllC PlATB USED 

IN Spectro scopy. 

By H IComan-AtBiTi 1C So., and S. H. LoMa, B So. 

[Bead May 10th, lOlS ] 

The sensitivenefiH of a photographic plate for light of 
different wavelengths is in general not the same, but shows 
a marked selectivity for certain regions of the spectrum. 
An “ ordinary " plate usually has its maximum sensitive- 
ness at about 4,500 A, and the total range of the spectrum 
for which it is sensitive does not extend more than 500 A. 
on either side of this. By bathing the plates in various dyes, 
which in general have a reddish colour, the range of sensi- 
bilitjr can be extended to cover the range from 3,000 A to 
7,000 A. During this range the sensitiveness is, however, far 
from uniform, and may have very pronounced maxima and 
minima. The result of this is that the spectrum of a con- 
tinuous source often shows a banded appearance like an 
absorption spectrum. The application of the Bunsen Boscoe 
law then leads to an erroneous estimate of the distribution of 
the energy in the spectrum of the radiating body. In 
photographing line emission spectra this defect is not a 
serious one, but it may become very disturbing in the case 
of absorption spectra. The irregularities of the sensibility 
can be smoothed out to some extent by using suitable filters 
such as Aesculine, Picric acid, etc., Wt none of these com- 
pensate the plates sufficiently for absorption spectra work. 
A more successful method of correcting the sensibility of the 
plate, which we have recently used, is to place in front of the 
plate a screen whose transparency is graded so as to reduce 
the intensity of the light at those ports of the plate where the 
most active wave-lengths are falling. 





120 


Such a screen (‘un he made photii^ruphically, by exposing 
a plate of the same nuiko as the one to be corrected, to the 
spectrum of the light which is used for the source in the 
photography of the absorption H|>e<druiu. The negative thus 
produced does not show a uniform dark' band, but where the 
least active wave-lengths have fallen thde is little or no 
blackening. Thus the negative presents u series ot light 
and dark bands, tile dark' bands being producetl where the 
most active wave-lengths have fallen, and the light bunds 
where the least active wave-lengths have fallen. When this 
negative is used as a sciven in contact with another photo- 
graphic plate, which is exposed to the spectrum of the source, 
the more active wave-lengths uie weakened whilst the less 
active ones are practically unaffectetl. In this way it is’ 
possible, by suitably adjusting the exposures of the screen 
plate and finished plate, to obtain a s|>ectium of uniform 
blackening on the finished plate, the light and dark bands 
being smoothed out by the bt»reeii plate and the colour sensi- 
bility of the finished plate is thus ndjubteil to one degree 
sensitiveness. 
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Anni’al Bepobt of Committe e fob 1912-1913. 

During the Semion 1912 - 1 ^ four general meetings, one 
extraordinary general meeting and eighteen sectional meet- 
ings have been held. 

At the General Meeting held on December 5th, 1912, the 
Duke of Northumberland was elected President. On May 
2nd, 1913, the day pieviouH to lus installation as Ghancallw 
of the University of Durham, the Duke of Noithumberland 
presided over an Extraordinaiy Gheneral Meeting of the 
Society in Armstrong College, at vhieh Sir J. Alfred Ewing, 
K.C B., lectured on “ The Siructure of Metals.” 

The lecturer gave an account of recent a oik on the subject, 
much of which had been dune by himself, and theie was an 
audience of over 200. It is hoped that this will be the fint 
of a aeries of lectures delivered before the Society by men of 
note. 

The Society was represented at the British Association 
meeting in Birmingham by Dr Q H. Thomson 

The expectations expressed in last year’s Annual Beport 
as to the new Section (Philosophical Section) have been 
qnite j'netified during the Session. 

Thiee numbers of the Pioceedings have been issued 
during the Session. The fiist number issued completed 
Volume IV. 

The question of Exchanges for the Publications of the 
Society has been gone into and it is expected that the 
Exchange List will shortly be on a much more satisfactory 
basis. 

The number of members at the end of Session 1912-13 
was 166. 
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Notes on tub Third Intekkatiokal Abchaeoi/wical 
CoN^ESS, HELD AT RoME JN OcTOBER, 1912. 

By J. Wight Duvk, M.A., D.Liti. 

[Read Deoember 5. Idl2 ] , 

Sunil litorury iiniiy as these “notes’* possess may perhaps 
be nompared with that of the early Latin saiura which, as is 
well known, consisteil of a nteclley of various contents. But 
innsmucli as no literai*y form was more chaiacteristically 
Uoman than this same w/arw, the present summary sketch 
may possibly aiiiiear to be not entirely inappropriate and not 
entirely lackin#? in “ local <*olour.’* ily aim, then, is to ffive 
an outline of the or^anisatiou and work ot the Aichaeolngicol 
Congress in Home ; and to follow the twssmnt with lantern- 
slides, selwted on what might W termed the true naturn 
principle, to illustrate 

(1) Some poiiiunH ot Borne excavated in recent years; 

(2) Tlie first excursion of the Congress — to (Vrveteri ; 

(3) The second excursion of the Congress — to Ostia ; 

(4) Ceilaiii valuable MSS. in the Vatican which T 

looked at myself with some attention. 

This was the “TerKo Internasionale Aivheologioo Con- 
gresso,” tbe two previous Ck>ngi*esseH having been held at 
Atheus, in 1904, and at Cairo, in 1908. The actual work of 
the Congress extended fnim the 9th to the Kith of October, 
1912; but arrangements were made whereby eongresiidi 
could later in the month, under suitable guidance, visit 
Pompeii, Sicily, Sardinia and other ports of Italy. A sub- 
scription of 20 lire constituted one an effective member 
(membra effetttvo) of the Congress, and entitled one to pub- 
lished transactions, which 1 understand there ere but faint 
hopes of seeing complete. Enrolment oemferred upon 
members considerable privileges, including reductions in 




131 


railwoy fares not tinwelcome to delegates who had to travel 
so far as I did ; parti(d]Niticm in i‘e<‘eptions and excursions 
organised by the (Vniral (*oinuiiitee; und—pnibably most 
valuable of all the right of free entry to all public museums 
and galleries throughout Italy duiing the whole month of 
October. 

Apart from the intellectual stimulus given by the pre- 
sentation and dist'ussion of learnetl problems, one of the 
greatest attractions of such Congresses must always lie in the 
opportunity afforded of meeting men of European distinction. 
There were many eminent names; e.g.^ from France, 
Cognat, one of the very foremost epigra])lasts, with Toutaiu 
and Lafaye, both authorities on ancient religion; from 
Belgium, Cumont, who knows more than anyone else about 
the mystic ritual and symbolism of that fascMiinliug Mithru- 
ism which spread from the east to our own 1<m*u1 frontier of 
the old Roman Empire; from Germany, Dessau of Berlin, 
besides Schuchhardt, Thierscli and many others, including 
von Duhn of Heidelberg, whom 1 met in Crete years ago 
waiting for a chance steamer to take him back to Greece ; 
from Greece itself, Lambros and (^avvadins were among the 
delegates; from our own country Evans, Wuldstein, Percy 
Gardner and others In fact, nearly all the countries of 
Enrope were represented, as well as several Universities of 
the United States and of the Biitish Colonies. The various 
foreign schools of Archaeology in Itome sent ilieir diretdom. 

TSie Honorary Presidency was held by King Vittorio 
Emmanuele, and the Vice-Presidents were the Minister of 
Public Instruction and the Mayor of Rome. A large Com- 
mittee in charge of the arrangements consisted of noblemen 
and senators, members of Parliament, and professors. 

The wide field of labour to be surveyed was divided among 
twelve sections : — 

(i) Prehistoric Archaeology. 

(ii) Oriental Archaeology. 

(iii) Prehellenie Archaeology. 

(iv) Italian and Etruscan Archaeology. 



(v) Hisioi-y of Clii'wicnl Art. 

(ri) (fie(>k and K^iiuun Autiquity. 

(vii) Eiiigra])hy and Tapyroloify. 

(\iii) NumiMiuutioH. 

(ix) Mytholofcy and ll^^taIy of l{eliginni>. 

(s) Ancient Topography. 

(xi) Cbriatiau Archaeology. 

(xii) Organisation of Archaeological Woik. 

Two or more of these Swtions frequently combined their 
sittings for the discussion of thenien of common interest; 
lor exum]>Ie, I altendod several joint meetings, of vi and vii, 
the Hwtions named AiitirhifA f/teclu e romane and Eptgrafia 
e papirnlof/Ki. 

The place of mi*eting was usually at the f'nlvrtiitA, in the 
PeJazzo til /fit Siipitnzit, to give it the lesmindiiig Italian 
title; except that Section x, tor Ancient Topography, 
generally met undei the loof ot Santa h'lancescn Bomann, 
close to the Homan Forum, fnnn which illustrative excur- 
sions weie made to the Ihilatine; while the Section for 
Christian Archaeology iniid visits of inspection to different 
catacombs. 

Each Section had its own president, and often two 
secretaries. The official language of the Congress was 
Italian, and all announcements, oral, written or printed, 
were made in that language; but papers might be read and 
discussed in any one of the four languages, Italian, French, 
English, German. 

On the day before the Congress openeil, there were pre- 
liminary social gatherings ; but the real inauguration took 
place, with much Atness, in the '*Ha]l of the Horatii and 
Curiatii” on the Capitol at 10'30 a.m. on Wednesday, 
October 9th. In welcoming the delegates, (he Mayor of 
Borne delivered a discourse marked by complete conscious- 
ness of the historic symbols of greatness around, but at the 
same time hy an anxiety that the present should not be over- 
looked in excessive concentration upon the past. With this 
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anxiety in liie mind he was clearly inHiatent upon the fart, 
which an'hneologiht<H auuieiiiUiMi incline to ignore, that Rome 
is not a mere museum — Itoma won r un //ntxrc;,’* he Miid: 
** It is above all a modern city, tlie centre of a great 
country ” {itoprafvfto h nna cittn inmlerna, rentro di un 
grande paese). lie was followed by the Minister of Public 
Instruction, who was conimissioned to speak for the King 
of Italy, and in his Majesty V name to decluie the opening of 
tlie Congress. His speech approjiriately culled uiiention to 
matters of great moment for the d<iziiniii of archaeology — 
to the recent advance made in ex(*a vat ions in the Roman 
Forum and on tlie Palatine; to the siihaidies voted hy the 
Italian Parliament proving the interest of the State in con- 
tinued work at Ostia; and to investigations in progress or in 
piospect at many other places in Italy, such as the Licemsa 
villa of Horace, and difterent siles in Cmbria and Sardinia, 
and at Pesto, Pomi>eii and Taranto. 

Among the speeches whicdi followed the despatch of tele- 
grams to the King of Italy and to Prince Constantine of 
Greece was the perfervid oration of Professor Lambros of 
Athens, who had been chosen to speak for the delegates. 
He paid homage to tlie muguiheent historical and arch- 
aeological attractions of Rome, and made suitable allusion 
to contemporary difficulties witJi Turkey it was just before 
the Greek declaration of war when he remarked that in 
those anxious days the Greek delegate^ could enjoy at least 
a kind of “Olympic jieace ” in refle<*tiug upon tlie past of 
their native land. It was a ihelorical effort, and was 
rec^eived hy what Jtiihnn reiKirteis called ftpp/aitxt 

Thereafter, the work of the Sections begun, most of them 
holding both motuiug and afternoon sittings, vuriwl with 
late afternoon rec^eptions arranged by the Ladies’ Gommitteei 
the Agricultural Instituie, the Jlritish School, and with 
very imposing evening rei'eptions given by the Minister for 
Foreign Affairs at tlie rousulla on the iluiiinal; by a’lmly 
archaeologist of note, the Contessu Lovutelli, in her 
po/orro; and again at the close of the (’ongress by the Muni* 
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cipality of Borne The two ull-day exetn*sion8 during tli« 
CuiigrefiM were to Cer\*eteri iu Etruria uud to OhIIu. These 
ran be best illu8traie<l with the aid of Hiiden at the close of 
this paper. 

Meanwhile, it remains to convey some slight notion of the 
range of topics considered at the (Nmgress. It can only be a 
slight notion; for without devoting a large amount of space 
to the papers and their results, it would be impossible to give 
any just estimate of the woik done. It must suffice to 
observe that the papers ranged over the whole field of arch- 
aeology, in the broadest sense, from prehistoric to medieval 
times; and the resultant variety of subjects will be readily 
gauged from some titles selnded from the different groups 
and here given, for the sake of uniformity, in English : — 

Prehistoric civilisation in Kardiiiiu ; Palaeolithic man in 
the Tiher-volley ; Prehistoric implements from the Fayflm 
(ERypO* Somaliland end India; Neolithic antiquities in 
Malta; Fossils from the Auvergne; Chronology of the 
brouse civilisation in Italy; The oarl> history of copper 
money ; The latest prehistoric finds in Denmark ; Survey of 
results of prehistorH- awhaeology in llussia ; The original 
population of the Mediterranean seaboard; The peoples of 
prehistoric Portugal; Sources of Etruscan civilisation; 
Balkan influences on the culture of the first epoch in the iron 
age ; A new classification of the Minoan periods in Crete ; 
Belations between ancient Egyptian civilisation and that of 
the Eastern Mediterranean ; Burials at Mycenae in relation 
to Cretan cnlture; ITelleiiiHtic pottery in Sicily; The 
development of brick-taceil concrete construction ; The head 
of Apollo from the Mausoleum; Art iu Gaul after its con- 
quest; Becent excavations at Faestum, Cumae and Pom- 
peii ; Belations between Greece and Carthage ; Influence 
Greek law upon the Homan law of inheritance ; The Boman 
organisation of the corn-supply from Africa; Linguistic 
usageli in official correspondence in Egypt under the Boman 
empire; Inscriptions from Algeria; Latin inscriptione from 
Morocco; Peculiarities of the doable flute in antiquity; 
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The extent to which Roman civilisation trunaformed local 
civiluations in different provinces of the Empire; Temples 
upon Roman coins ; Cowries and their Hubhtitntes as a cur- 
rency in ancient China; Medieval money in Southern 
Italy; Astral symbols on ancient Babylonian boundary- 
stones; Reli'icion at Palmyi’H and the cult of Saturn in 
Roman Africa; The Deity with the conical cap; Belief in 
demons in primitive Indo-Uermanic times; Russian and 
Roman household-p;ods from an an*huelopical point of view; 
Polynesian folklore; The Roman boundary in Tunis, 
Algeria and Morocco; Roman Savoy in the light of recent 
excavations; The aque<luetK of old Itome; The buildings of 
Augustus on the Palatine; Fresh diswovories in the cata- 
combs; The symbol of the fish in early ('liristiun art; The 
technique of the portraits of Byssantine emperors; On forgeil 
antiques; Italo-Oreek influences upon ('eltic civilisation; 
The part playeil by the Roman army in diffusing certain 
worships; Art in the fiist centuiy ot Islam; On the organ- 
isation of archaeologi(*al leaching, leseatch and publications. 

This representative list, long us il looks, will not, I hope, 
be found too reiielleiit, and is, in any case, short wlien com- 
pared with the full programme ot the (^ongress. A brief 
glance through it will serve to indicate the geographical, 
historical, ethnological and artlsii<‘ diveisity ot interests to 
which archaeology must make appeal. It would be invidious 
to characterise individual papers; but, wMtliout instituting 
odious compariHons, one may safely allude to some of Com- 
meudatore Boni's lectures, ncconipaiiied by lauiein-slides 
(proieziont) and by actual visits to the wene of Ins excava- 
tions in progress upon the Palatine hill, as giving some of 
the freshest results in ancient topogiuphy, all the more vivid 
and interesting that the work was pro(*eeding befote one's 
eyee. 

Something of the same vivid interest aitacdies to the two 
ancient sites visited by tlie Congress us a whole; for both at 
(*erveteri in TuMuniy, and at Osliu near ilie old mouth of 
the Tiber, labourers were actively engaged in excavating. 
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Cerveteri Ih the dem^endniit of the ancient Caere, famous 
from early times for ita close iiolitic*ul connection with Rome* 
The members of the CungixMH teuelied it by taking train to 
Palo, which is 30 miles by rail from Itome, and then pro- 
c€4>diiig with much patience and higli expei'iations, in 
leisurely bullock-carU to the phduresfiuc little wulled town 
with its single entrance, there to be rei*eived by a band and 
the inhabitants bolding and then to drink a vtmwuth 

d'hmoie presented by the local sindaro. The archaeological 
interest of Cerveteri lies in the necropolis, an elaborate sys- 
tem of tombs, near the modern town, hewn out of rock or 
contained in conical earth moutids Some of these grottos 
have been long opened and described ; but some tombs are 
quite newly uncovered under government direction. Though 
less elaborately decorated than many Egyptian tombs such 
as (to take very fresli examples) those investigated at Meir, 
still these scu1pture<l burial-places possess great value for 
their bearing on Etruscan art and civilisation of the seventh 
and sixth ceutuiies b.c. The different grottos, lit by elec- 
tric light, as one finds on descending into them, have been 
named after some distinctive decoration in each' -the Grotto 
of the Shields, of the Banquet, of the Inscriptions, or of the 
Bas-reliefs. The last-mentioned (groUa dei bassorilitvt). 
excavated about two generations ago, is particularly inter- 
esting for its two lionesses, at the head of a flight of steps, 
designed to guard the tomb in a manner that recalls the lion* 
esses at Mycenae and elsewhere. Separately situated, but 
also included in our programme, was the Regulini-Galassi 
sepulchre, where the roof has been vaulted by the gradual 
approach of lateral walls — a system comparable to that 
adopted in the famous gallery at Tiryus in Greece. 

For an inspection of the ancient harbour-town of Ostia 
it is most usual to enter from the N.E. comer through its 
old Porta Bomana. The Congress urrangeinent was to enter 
at precisely the opposite end, namely the S.W, i^rner, close 
to the line of the littoral in classieul times, though the 
remains of this vanished sea-port are now a considerable 
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(listanre from the aoa. The Cmigresstffti upproai^hetl and 
iiit^pected Ostiu in tlii-eo ^roupa lUilian-H|>enk]ii^, l'rem*h- 
hpeukinK* nnd GeriDun-HpeakiiiK itnil from Itome to Fuim- 
icino, axitomohiles uorohK the Imuht and a (^reat 

ferry-barjfe over the Tiber were the mennH nliereby one 
rearhod what waa once almost (ho se.i-fiont of a busy com- 
mereial town. 

Almost direetly after leavin^f the ferry, the visitors 
foun<l themselves amon^ Hie old shops and stoie-ehumbers 
furnishotl with huge jais for oil, and thence pioceeded to 
more ini|K)sing edifices such as lhal named, on doubtful 
grounds, an ‘ imperial palace*’, the tcm]>Ie of Vulcan; the 
fornm ; the theatre ; the baths ; and the l>an*a«‘k of the firemen 
and so by now deseited streets to the ancient ogress 
from the town towards Home, whole the street of tomlis began 
outside the walls. A visit to Ostia must, of course, bo supple^ 
mented by study of many ol its aitistic and domestic remains 
now housed in museums at lloftie ; but there is u great deal to 
fascinate one still left ni $itu^ e many quite legible in- 
scriptions ; or the largo and n cll-prefeerve<l mosaic of black 
and white tesserae representing u sacrificial scene, inside the 
barrack of the firemen; or the statue of Vu^toiiu; or the 
instructive wuter-pipos; or the quite charming shrine of 
Mithras, where the moHaics on the stone benches represent 
the divinities of the seven planets ; or, again, the figures in 
the baths worked m black tesserae to symliolixe different 
geographical tendtories like Egypt and Spain. The ruins of 
Ostia and the finds among its ruins are highly significant 
documents for the privaio and social, international and 
economic, political and religious life of antiquity, especially 
in the first, second and thinl centui ies of our era ; and they 
possess a significance which even Pompeii cannot entirely 
eclipse; for Ostia was in close touch with Home, and was at 
once metropolitan and cosmopolitan, while Pompeii might 
by comparison be termetl provincial. 

Note,- Dr. Wight Duff’s paper concluded with the exhi- 
bition of over 30 slides prepared for the occasion. They were 
in four seta designed to illustrate: — 
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(1) DiHCoverieti oi recent years in the Boman Fomm, 
in(*ludiii(i the Funs Juturnue nud the Lapis Niger 
with the important monuments under it; 

(2) The sculptured tombs of Cerveteri ; 

(3) The ruins of Ostia; 

(4) The pnlneogrupliy ot certuiii pages iruiu Mune of the 
most valuable Ixitin nianuseripts in (ho Vatican, 
e.p., the ‘'liembine Terence" (in rustic capitals of 
perhaps llie 4th century A.n.); the palimpsest of 
Cicero’s Ife lit puHiea (in uncials of the 4tli century 
A.O., with St. Augustine’s commentary on the 
psalms written over and aciusb them in demi- 
uncialv of the Kth century) ; the *' Augpstenn 
Virgil ’’ (m square capitals of the 2nd or the 3rd 
oentuT}', A.D.) the "Vatican Virgil” (in rustic 
capitals of the 4th century, a.d.); the " Palatine 
Virgil” (in rustic capitals of the 6th century, 
A.D.); and the " Eom6n Virgil ’’ (in rustic capitals 
of the 0th or the 6th century, a !>.). 
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Some Obsbbvationb on a Lbucocytozoon op the 
Siskin (Carduelib Spinub). 

By Thomah Bxnthaii, B.So.> Oxon. 

[Bead JantUiiy 27, 1014 ] 

I have written this short paiicr to illustrate some few 
new points m connection with the nitn-phology and life- 
history of the rounded form of Leuccx^ytozoon occurrinpr in 
the blood ot Finches (Fringillidae) 

In January, 19K1, three Siskins (Curduelis Spinus) were 
obtained in Newcastle-upon-Tyne for the puriKise of blood 
examination in the possible ho}>e of finding trypanosomes. 
The search for these iiarticular parasites was unsuccessful 
and cultuies were tried in the case of one bird, but these 
also contained no try]>unom>]nes. As the other two birds were 
dead when bi ought to me no fuither cultures were attempted. 
All three birds bad been obtained from a bird-eutcher near 
Brighton and were part of a batch of a dozen or so, all of 
which subsequently died within a tew days of each other. 
Two of the birds rec‘eived had been dead only a few minutes 
and were still quite wuiin. Both these last were adult males. 
The third specimen, a young male, was purchased alive. > 
From the first two birds were taken smears of blood from the 
heart and also from the lungs, spleen, liver and bone-murrow, 
and both birds wore dealt with immediately they were 
received in the laboratory. All the internal organs appeared 
to be healthy, with the exception of the liver of one bird, 
which was infected with avian tuberculosis. Eimeria avium 
was found in small numbers in the alimentary canal. No 
external parasites oould bo discovered on any of the birds.® 

' On Aubseqnent^suminAtion this bird wan found to be frse from 
parowiteH and was uued for tho purposes of u louoooyte blood oomit. 

* Truo Finches seem to be tree fiom eotoparsMtio insects or arachnids. 
These are quite commonly found on Buntings (Vam. EmbsrisidaS). 
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Slides were fixed with ohinie vapour *‘1 per cent, solution 
for about 20 seconds. They were then a^ain fixed in absolute 
alcohol *for a quarter of an hour. The films were stained 
with (iiemsa* K solution (one diop to 1 cc. distilled water), 
for about sixteen lioura. This length of time is absolutely 
essential during the winter months, although in summer a 
shortei duration will be found necessary. Leisbman's stain 
was ulhoemployoil bid did no( gnesurh goodresiilts, Exam- 
ination ot the liearl-blooil shewetl that leucocytozoa were 
preseid in Jarfle iiuinhers. They could usually \ h * seen in at 
least every other field under a oiip-iw*elth incli oil-iinm«r- 
sion, and in one luse no less (ban six imiasites were observed 
in a single field, four more lying in an udjaceiit field. 'Fig. 
21 shews a group of three ]mrasites Ijing close togetlier in 
the same field of the microscope. The number ot these 
parasites is Heeiiiiiigly ver> unusual, as WNaxlcock states that 
Jieucoc,\tozoon fnngillinarum from the Chaffinch <K»curred 
in quite small numbeis, tweiit>-ti\e ni so in one slide being 
quite an abundance, a more common number being five or 
six parasites in one film.^ 

A differential leucocyte blood count as taken from the 
young male mentioned above uud the count for normal 


blood was us under: - 

Small Mononuclears 12 8 per cent, 

ijarge Mononuclears 5 4 .. 

Lymphocytes 01 6 „ 

Crystalloid Eosinophils 16 6 ,, 

Coaise-gruined KoBinoplitls 2 5 ,, „ 

Must-oells 1 2 „ „ 


A'o thrombocytes^ w'ere present and the small mono- 
nuclears were never spindle-shaped. 

Fantham*s percentage in the case of (be Grouse (Lugopus 
scoticus) shews the large mononuclears to be much more 

• This M also the case in nil HramblmaH (Fnngilla montifringilln) 
that I haTo examined, the Hramblmg being cWly allied to the Chaffinch. 

" I hare only observed these in Sparrow* and Weavers where they are 
of oommon occurrence. 
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ubundunt than in this cane. He, liowevei, did not include 
the small mononuclears in his hlood count and ])iohubly 
included a ^ood umny of them in the c^ount ol lar^e mono- 
nucleate. The two forms have bt^en kepi 8ej»aiale lor reasons 
to be shewn latei A count lioni Ihe Goldfinch ((^mliielis 
eleguns) was almost exactly similar. Tii the iuteided birds 
the average Tieucocyte count was as follows - 


Small MononiioloarH 119 per cent 

Large Mononiicleari 28 6 ,, 

Lymphocylch 16 9 ,, ,, 

<"rj8tHlloid KoHinophils 6 5 ,, „ 

('oarHA-gialnod KosinophiK 11.* .* 

Mast^eellH 18 ,, 

Tnfortod lpIN 17 4 „ ,, 


From this table it in seen that there is a great increase 
in the numlier oi huge mimonucle«n‘s,'^ the small mono- 
nucleare being about normal in niunlier If, ns in the 
opinion of Woodcock and Faiitlmin, all the intwted cells 
are small mononuclears, we get un almost incredible increase 
of 17-4 per cent, in these, and if the small and large mono- 
nuclears be taken together there is an inerease of nearly 40 
per cent If a count be taken, excluding the infected cells, 
the percentage of small mononuclears is seen to be 14*5 per 
cent, which is not a great increase over and above the normal 
numbers. 

As in the normal count no thrombocytes were seen. 
Numbers of red cells exhibited polychromatophilia but none 
of these, nor the normal erythrocytes, ever lacked nuclei. 
In infected birds nearly all the uninfected small mono- 
nuclears were markedly spindle-shaped, a phenomenon 
which, in my experience, practicaJly never owurs in any 
Finch, but which is common in the blood of certain game- 
birds, Gulls and Plovers.® 

* A similar condition found by Fantham in Urouae infected with 
Leuooojtoiooa lovati, 

* Wenyon staUm that Hpindle-shaped cella occur normally in the blood 
of aomo btrda. 
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Description op the Parasite. 

Almost all the parnsites were small, rounded in form and 
meuaurod on an uveraKC 4-6 ft in diameter. The lai^eat 
parasites were invariably oval in aliupe and measured on an 
average 7 ft by 6 /x (Figs. 12, IJI, '2(>). These large forms 
were nearly always macrogametoi*ytes (see Fig. 7). 

Female forms were slightly in excess of the males and in 
about the proportion — fifty-five per rent, females -forty- 
five per cent, mules. These were always slightly larger than 
the males and their cytoplasm w^as more highly granular, 
contained less metachromatinic grains and stained a deeper 
blue by the Homanowsky method. The nucleus was small 
and compact with a more or less distinct karyosome which 
was either intrn or extra-nuclear. 

The cytoplasm of the male forms or microgametooytes 
stained but faintly, was non-granular, contained more meta- 
chromatinic grains and includeil a large, somewhat diffuse 
nucleus, with or without a karyosome. This nucleus was 
sometimes so large as to o(*i‘upy almost the whole body of 
the parasite, there being but a small rim of cytoplasm present 
round the jieriphery of the parasite (see Fig, 6), 

The parasites in the blood itself were either present free 
in the plasma (see Fig. 23) or were intracellular. Those free 
in the plasma were almays small rounde<l forms and were 
never found lying near the small mononuclear leucocytes. 
They were either completely free in the plasma lying away 
from the corpuscles or attached to and partially lying in the 
cytoplasm of all stages of red cell from eryth oblast to 
basophile erythrocyte. Fig. 6 shews a young parasite lying 
partly in the cytoplasm of a basophile erythrocyte which 
was almost mature. In Figs. 11 and 16 parasites are seen 
lying adjacent to two forms of the corpuscle intermediate 
between the above and an erythroblast. Fig. 18 shews a 
macrogametocyte lying within an erythroblast, and in PiK. 
22 it shewn a typical erythroblast such as is believed to be 
{generally infected. When the full*grown parasite wae 
intracellular it always orenpied half the host-cell (Pig«. 12 
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and 13), and the mu lens of the latter wn^ invarinhly crefl- 
centir with ite ronoavity fumed towunls the parasite. This 
nucleus was never retluced to u mere nm at the side ot the 
parasite, ns in Leurocytosooii fi I’n^illinniiim. There .is 
pra<*tically nothioK to shew Ihe nature of the host-cell, since, 
as soon as the parasite has he<'Oine intracellular, the character 
of the nucleus of the former hecomes entiiel> changed. It 
presents a homogeneous appearance, becomes much enlarged, 
and 18 devoid of all kaiyoHomes nr net-knots. In appearance 
it resembles the nuclei of eiythrocytes which have either 
degenerated or have been altered by an artifact of prepara- 
tion. Such erythrocytes ocTur in fair numbers in all slides 
of birds’ blood and seem to ]>os««ess hut the faintest indication 
of an eosinophil cytoplasm. Woodem'k definitely states that 
the host-cell of his Leuco<*ytKuoii fringillinarum is always a 
small mononuclear leucocyte. I am, liowever, more inclined 
to believe that Wenyon and Keysellits A Moyei were pertly 
<*orrect in their statements that tlie hoRt-<*ell is an erythro- 
blust, because I liave never seen any parasites lying in a 
small mononuclear leucoc*yte, but only in eiythroblasts. 
When the ]>arHHite hecomes larger, it is an impossibility to 
determine the nature of the host-cell. Furthennore, the 
extraonlinary number of infe<*te<l cells in the 1)Io<k1 count 
and the almost normal percentage of the small mononuclears 
points to the fact that other types of cell are infected. 
Indeed a single parasite was found in a large mononuclear 
leucocyte in one of the liver smears. 

I believe, ns above stated, that the homogeneity of the 
nucleus of the host-<*ell is due to an artifact, dependent on 
the presence of the parasite, when the smear is made. The 
methods of smearing blood by glass slips, cigarette-papers, 
etc., though unavoidable, leave much to he desired. Liver 
smears, made by drawing a portion of liver across the elide 
with n pair of forceps, shewed more clearly the character of 
the host-i'ell nucleus, which then, in some cases, os Wood- 
cock has stated, appears to be a small mononuclear, but not 
in all. An erythrobloat hae more small definite karyosomatic 
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masses present than the nucleus of a small mononuclear 
lencoc>te aud lu bome cases these shewied up quite plainly 
in the liver smears (see Figs. 12, 1*1, 16, 19, 21), the pre- 
sumed small infected mononuclears shewing a completely 
homogeneous nucleus. It is not beyond the bounds of 
possibility that, in large infections of this parasite, although 
mononuclears are chosen for preference, other cells, such as 
erythroblasts, are iniected by force of circumstance. 

Hom-like prolongations of the cytoplasm of an infected 
cell were never observed, although, as stated above, unin- 
fected cells appeared to have these. 

The parasite seems to be a true pounded form of Leuco- 
oytosoon such as that described as existing in the Cha^nch 
and Greenfinch, possibly a distinct species, not only because 
of its small siise, but also on account of its action on the 
nucleus which it never compiesseV &to a mere ridge at the 
side of the parasite. Furthermore^ Ihe fact that the Chaffinch 
Siskin, and Greenfinch belong to different genera should be 
taken into account in support of the above statement. 

Contrary to Woodcock’s statement many young forms 
the parasite were found to be completely intra-nuclear in 
position (see Figs. 14 and 16) and nearly always situated 
exactly in the centre of the host-cell nucleus. Stages were 
found in which the hoat-ceU nucleus was almost closed round 
the parasite leaving a narrow passage from the latter to the 
cytoplasm (Fig. 1). 

This condition almost points to the fact that, in some 
cases in its earlier atages, the parasite is intra-nuclear and 
that as it grows it bursts from the nucleus and pushss it to 
one side. This, however, is not always the case, as can be 
seen from the contour of the nucleus in most of the diagrams. 
Occasionally, the parasite as it grows exerts a karyolytio 
action on the nucleus of the host-cell. This nucleus is seen 
to be broken up into several irregular rounded masscc lying 
in their own cytoplasm, the Leucocytosoon always lying 
attoohed to the largest of these masses. This sin^lar con- 
dition is peculiarly reminiscent of the action of Karyolysus 
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althouprh in this grenus nurlens of tlie hoiit>cell u navW 
■0 completely fraf^mented (Fige. 3 and 3). 

Infection of a ain^'le host-cell by two parasites was very 
common. In this case the puiasitPH acre either close 
together and on one side of the nucleus (Fig. 14), or they 
occupied positions on opposite sides of the nucleus (Fig. 19). 
In these eases of double infection, the two parasites were 
almost always of the same site ; not nepeesarily, however, of 
the same sex. Woodcock never obseived any cases of double 
infection by the rounded form of Leucooytosoon, but this was 
in all probability due to the small number of parasites be was 
able to find in his smears. Where large infections of 
Halteridium are found in birds, it is fairly common to find 
corpuscles doubly infected and consequently there is abso- 
lutely no leason why such n state of affairs should not occur 
in Leucocytozoon. Thus it' will be seen that tbe two 
parasites in nil probability penetrate the bost-eell on opposite 
sides, an impossibility in a small mononuclear leucocyte if 
we are to believe tbe statements “that tbe parasite always 
penetrates into the leucocyte on tbe side where there is most 
cytoplasm.” 

These parasites were exceedingly numerous in the liver 
smears and occurred in small numbers in those of tbe bone- 
marrow, spleen and lungs. In the liver the organisms srere * 
found mostly free from the eotpusclee and were quite rounded 
in contour and similar to the free forms in the blood. Thej 
were, however, commonly found associated in pairs, whether 
free in the eubstanoe of the liver or attached to a host-cell. 

It was further noticed that large numbers of single parasites 
appeared to possess two nuclei sometimes quite separate 
(Figs, 9 and 10), or connected by a definite spindle (Fig. 8). 
These double parasites seemed therefore to he undergoing a 
process of binary fission. No schizogony was evarseen in the 
spleen or bone-marrow. 

II 



UoNCLrsroxfi 

(1) The organism deecribed is a parasite of the Siskin 
(Oarduelis Spinus). 

(2) The parasite, under the above conditions, attacks 
both immature red cells and small mononuclear leucocytes. 

(3) It diffeis from LeucocytoKOon frinKillmurum (Wood- 
cock) in its disposition towards the nucleus of its host- 
cell, and in its size, which is smaller than that of the 
fringillinarum. 

(4) It may be intra-nuclear for quite a considerable 
period of its existence. 

(5) Two parasites as in Halteridium are often found 
infecting the same host-cell. 

(6) The parasite sometimes karyolyses the nucleus of the 
host-cell. 

(7) Binary fission occurs in the liver of the host. 

(8) As in the case of LeuCocytozoon lovati of the Grouse 
(Lagnpus scoticus) large mononuclear leucocytosis is 
markedly present in the blood. 

(9) The parasite may be present in its host in enormous 
numbers. 
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SoMI- Fj<ATUBLS op the GtAClAl 


Depowts ai thp Tyne 
Entrancf 

By S KrNKiK HAsHHiBhT M Sc F( S 
[U«sd Dooemb i 9 1913 ] 

It has been pointed out in a previous 
paper' that the sites of early human 
habitations were often determined by a 
readily available water supply and a dry 
site Tynemouth village and Percy 
Square, North Shields, aie two instances 
In this district these conditions postulate 
sand, and led me to suspect it pnoi to 
its exposure Recent excavations haVo 
revealed sandy deposits of a lalcr age 
than the “scarp boulder clay The 
locus of these excavations is the Fastem 
extension of the North Shields huh 
Quay wheie the huge boulder clay cliii 
has been scarped back to a gradient of 
1 in 1 These sections have afiorded 
unique opportunity of studying sequence 
in these deposits in an area wheie it is 
roost difbcult to obtain, due to the 
absence of clay pits and quaiiies and 
the “built up ’ nature of the vicinity 
lh$ method of mapping — As exposed, 
each section was carefully measuied up 
m correct sequence, and these dimensions 
were then transferred to a true stale 
section drawn upon a roll of wall paper 
This was then photographed, giving the 
result shown in Fig 1 The obvious 

Hmelhurat, b R The C auie* of t1 e Tyne 
mouth 1913 Tyntmontb Coqx>ntioD 
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advantage is that these deposits are shown in their exact 
topographical relationship and if we are to attempt a corre 
lation of analogous deposits so t learly devoid of useful 
fossils the statistical as veil ns lithological correlation 
must he followed 



H rifT 

Fig 2 


Dfiiriptwn of the *ectt in — fhe Gertion extends upwards 
of i mile from the hints to ( olhnguood s moiinment (See 
miqi pp I'M) 1 ) It usee 111 ptufs to lit) O D consisting of 
sandjr clays with p utings uf blue t lay silt brown el ly thick 
deposits of sand (10 16) undeilnm by blown plastic clays 



corresponding to, those cited by Merrick^, roixming upon the 
" ecaip boulder clay (Fig. 2.) Ghuduted stones and 
pebbles are singularly ubseiit, although some waterwom 
fragments of striated shale have been found. The deposits 
of sand are false bedded, conbiiuiug fine paiHiugs of com- 
minuted coal and dendritic, stalartictic lubes of calcium 
carbonate. Tlie brown, plastic clays underlying tliese Bundn 
are finely stratified, and contain numeioiih fragments of 
drift-wood, identified b^ Wluteliead as bin*h. (Fig. 3.) 



Fic4. 3. 

They are chiefly remarkable for a unique scries of perpen- 
dicular, cylindrical concretions reseiubHug huge bolts 
and upwards in length, IJ'' in diameter, with a persistent 
woody core about F' diameter. The concretionary action 
has not been selective, tine stratuhe of clay and sand com- 
posing them alike. These concretions are concentrically 
coated or tunicateil. There is an abundant supply of water 
in the overlying sands. 

Interpretation of the beds: Origin of the concrettor ^, — 
Their whole appearance points out that they were quieiiy 
deposited either tn a loxe^grade stream at a high level or in 
a lacrustine depression or semtr in the scarp clay. It is 

• Merriolc. B., Prot, D, U. PM, Soc., toL lii., pt. 3, p. 142. 
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immutcriul wliether they were ponded buck by a tongue of 
ice ill the Tyne valley after the iee-burrier fashion of the 
Marjeleueee, in which rase we could not expect eimilarity of 
sequence on the south bank, although it might easily obtain 
ill adjuceut valleys oii the north bank. As their locus is 
near a large town, I cannot at present record “ strand 
Umen," nor is there any basal deposit such as might reason- 
ably result from melting ice. The birch fragments are drift- 
wood lying 16' below surface, and the rootlets forming the 
concretions are certainly in situ. Due to the lack of trans- 
verse sections, I cannot at piesent define the topographical 
limits. 

Regunling the concretions, 1 offer the following explana- 
tion : 

The growing rootlets penetrated the beds irrespective of 
their composition. The root pressure, increasing with age 
and decreasing with decay, produced a permanent state of 
strain in the clay and suud. This pressure decreased to a 
minimum from the central axis as a radial force, thus form- 
ing ut iieru the bnundury of the potential concretion. On 
decay and death, the pressure of the rootlet would be removed 
and either, 

(ri) The mineralizing waters descended these tubes from 
the sands above, and were carried into the concre- 
tion along the radial lines, thus giving rise to 
tunicated zones, or, 

(6) They were driven along the sandy stratuleo and 
segregoted inwards towards a centre by a joint 
action of hydrostatic pressure and capillarity of the 
rootlet 

The dead rootlets certainly offered a final channel for the 
solution. 



Mtf Buantn JitK or ouciid, uo at rrWMoWM * cowAWfftvr mo ion 
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O n the Rate of Recession of the North Bakk 
OF THE Tyne at Tynemouth. 

By S Rmifia HAaBLKVB«T, M.So , F.G R. 

[Bead December 0, 1913 ] 

tSume further work on eroeion is given in the map. 
(Fig. 4.) To extend the North Shields Fish Quay, a large 
area known as The Flate, west of the Black Middens, has been 
reclaimed. A massive sea-wall bounds this, and is opposed 
to the direction of the tidal dritt, deflecting it N.E. The 
river is thus confined to smaller limits, and there is a con* 
comitant increase in the range of the tide in the vicinity of 
the Fish Quay, A direct result is that the cliffs described 
in the preceding paper are being destroyed at an increasing 
rate by tidal deflection, increased range and “sub-aerial*' 
land sliding. It seems a paradox, but the same community 
recently obtained an injunction to reBtrain an attempt at 
increasing the range of the river, and have achieved the same 
object by municipal improvement. Coast erosion here is due 
to a combination of phenomena exactly similar to that cited 
by my co-worker, Walmsley^, at Robin Hood’s Bay, and is of 
exceptional interest, as it is primarily due to marine and not 
sub-aerial agency, exemplified in the Tynemouth landslides. 
The map bears interesting comparison with Walmsley'a 
{op, eU.)f and shows for the first time as regards Northumber- 
land a definitely measured rate of recession corresponding to 
yards average in 29 years, a superficial loss of 4*67 acres, 
which taken in proportion to the area shown in the map, k 
very great. 


* Walmilejf L., NiUmxUiU , 1918, Aog. 1ft, p. 880. 
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The Application of Graphic Methods to a 
Case of Damped Oscillatory Motionv 

By F. H. Albxamdbb, M.So. 

[Read December 5, 1913.] 

The paper of which an abstruri is here given, dealt with 
the method of graphic analysis deM*ribed in detail by the 
late William Froude, F.R.S. in a paper read before the 
Institution of Naval Architects in 1875. 

(Im 

In a curve of motion in one plane the \alue of ^ at any 

inetant cun be rcpreHentetl to ucule by the perpemliculiir of 
a riffht-anKled triangle, the base of whirh repreaenta a finite 
time interval ; and if, at inatunta separated by equal finite 

time intervals successive values of ^ be represented upon 

the same perpendicular, then the difference in the length 

of any two successive values represents the mean value of ^ 

during the time interval. In other words the slope of each 
hypotenuse repreaeiita a velocity, and each change of 
slope repreaenta an acceleration during the time interval 
represented by the base. Such a figure is called a polar 
diagram. 

If the second integial of a given curve be obtained, it 
can be shown that the intersection of any two tangents of 
the second integral curve lies upon the same ordinate as 
the centre of area of the given curve between the limits at 
which the tangents are drawn. 

By the aid of tlie above propositions it is possible to 
determine graphically the motion of a body in one plane 
when acted upon by known forces in cases where the analyt* 
ical treatment of the problem is prohibitively difficult or is 
impossible owing to interdependence of terms. 
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Such a case i« iIluHtiated by the rolling of a ship in 
a series of waves Here the resnltint couple acting to 
produce angular motion at a given instant la the algebraic 
turn of three couples vir (1) Tliat which tends to place 
her with the mist veitic al (2) That which tends to place 
her with the mast normal to a certain suhsuiface of the 
wave (‘1) Th it uhicli is due to resutiinc es of water and air 
The first two couples depend upon ingulnr displacement 
from a position of e({uilibiium and oi these the second 
only tan be expressed m terms of time 

Ihe resistance couple vanes }mrtl} is ingulai velocity 
ind partly as the squire of that velocity mil its evaluation 
leptmls upon const ints denied by evpeiinient upon the 
ship when set i oiling by irtificial means in still water 
It 18 possible to repiesont sep tritely (1) the mgular 
acceleration due to the couple which tends to ic«sti le the ship 
to a position of equiUbiium the iui\e being obviously what 
16 known ds the ship s ( une of Stability but modified in 
scale (2) the angles which the noimal to the wave suiface 
makes with the leiticil in teims of time (1) the negative 
acceler itions due to resistanc e in teims of angular velocity 
ihe opeiutions involved in tracing the motion bnng 
together the three couples just mentioned as follows — 
A polar diagram is used the base of which is parallel to 
that of tlie motion diagiam hence at any instant the 
tangent of the curve of motion is pirallel to the corres- 
ponding hypotenuse of the polar diagram At a given 
instant the motion diagram shows the angle 6 which iho 
ship IS making with the veitical and also the angle a whioh 
the normal to the wave surface is making with the vertical 
Thus the angle 0 + a” is the angular displacement from 
a position of equilibrium and the angular acceleration 
towards that position may be obtained from the separate 
modified cuive of stability \giin where the hypotonuM 
of the polar diagram cute the perpendicular and therefore 
indicatM the instantaneous angular velocity, it u poanUo 
to measure to scale the negative angular acM:eleration due 
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to reaiatanceH. Combininf; theHP viilues the reaultant 
acceleration at the instant in iletermined, and it in therefore 
possible lu accompany the carve of motion with a curve of 
accelerations. The curve of accelerations is carried forward 
tentatively so as to indicate an approximate mean accelera- 
tion during a small finite time interval, and by transferring 
this acceleration to the perpc’ndieular of the polar diagram, a 
new velocity is obtained at the end of the time interval. Then 
a tangent is drawn in the motion diagram parallel to the 
new hypotenuse in the polar diagium, and a corrected 
value is then obtainable for the acceleration curve at the 
end of the time interval. If this corrected value differs 
from that tentatively used, it may he needful to perform 
the operation again for the time interval concerned. Cure 
must be taken to uiuko the successive tangents of the curve 
of motion intersect in accordance with the second proposi- 
tion referred to earlier. 

In practice it is convenient to make the finite time 

T 

interval for each operation equal tO|Q and to make the base 

of the polar diagram represent j^-T, where T is the period 

of a single unresisted swing through a small angle in still 
water. 

It is not possible within the compass of an abstract to 
explain the priK'ess in detail, but those who desire may find 
a complete description in the paper by Mr. Froude already 
mentioned. 

Resisted oscillations have such an important place in 
modem physical science that the method, here alluded to, is 
worthy of attention because it is applicable to the most 
complicated cases. 
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A CONG LOMEKATE UNDER THE BoULDEB ClAY 
OF THE Sunder land District. 

By S Robson, M Sc 
[RmmI Dtjoembur ft, IftlS.] 

Tender tlie boulder-cluy nt several plaeeH in the Permian 
leur Sunderland there ot'cui-s a conglomerate ot an unusual 



lerivation. It is found intermittently distrihuted over the 
rorks exposed in section along the coast from Souter Point 
to llyhope and can also he seen in some of the “denes.” 

As its presence has apparently not received attention it 
has been thought woith while to describe it briefly. 

The conglomerate is made np of the diverse materials to 
be found in the boulder-olay — fossiliferous limestone, whin, 
quartz pebbles, etc., an^ is obviously derived from this 
superficial deposit. In every rase, in which it has been 
observed, it lies on a horizontal surface of rock, generally 
soft or much hreociated, into which it has been forced by the 
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weight of ilie overlying vluy and an n general rule is only a 
few incLee thuk A lecent cliff full at Rybope shewed large 
masses of* broken rock held to the clay by means of the 
cementing mateiial of the conglomerate which had bound 
the louei boulders of the rhiy to the lock surface. In places 
also large isolated blocks of whin are cemented in position 
and may be seen on the sea-shore firmly fixed to the under* 
lying rock long after the covering of bouldei-clay has been 
washed away. 

The following analyses of the cementing material and 
undei lying ro<*k at one patch shew that the actual binding 
agent is calcium carbonate. 

No. 1 IS caietull> selet'ted cementing mateiiul fiom the 
couglomeiate at Souter Point. Nos. 2 and 3 are samples of 
the lock undeilying this conglomeiate. 



Ho 1 (OMWfit) 

No SIMari) 

Mo S (Soft Roek) 

H,0 

3*96 

1*45 


CO, 

42*40 

45*99 

[ 47*24 

8iO, (iuoL) 

9*41 

0 31 

046 

At,Q, + r«,o, 

2-84 

1*50 

1*41 

0*0 . . . 1 

1 33-71 

30 73 

81-26 

MgO 

14*38 

19*88 

19*20 

1 
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The silicon in the cement was present almost entirely as 
sand grains and does not appear to be the cementing agent 
in this paiticular example though the patches vary so much 
in character that it cannot be said that the cementing 
material is always calcium carbonate. 

This excess of calcium carbonate is probably derived 
from the limestone boulders in the bouldeivclay. Water 
found its way down cracks in the clay and after passing 
over the innumerable boulders and fragments of limestone 
of this deposit reached the lower boulders and small stones 
whibh had been forced into the rock surface. These were 
thus cemented to the lock and patches of conglomerate of 
varying sixe for^metl 
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NEt^liEALISTtC TnEORIBS OF MiND OK 
GONSCIOURNES8.* 


By K F. A. HocRNLi, M.A., B.So. 
[lipad March 10. lOU J 


iNTnonrcTioir. 

Sinco the hefifiiuiinpr ot this century the philosophicnl 
world hoR been tull of movements of unusual interest and 
promiHe, First, the nctideinic calm was stirred by the 
Pragmatism ot William James w'ith its ofF-shoot, the 
Tlumaninm of Mr. F. C. S. Schiller. Then came the dis- 
covery of Berf^n, who, after having for many jenrs thought 
and written in comparative obscurity, suddenly experienced 
a meteoric rise to international fame. Whatever value we 
may put upon his theoiy as u whole, some of hie profoundest 
ideas will, I am convinced, have an abiding influence on 
philosophical spetmlation long after he has ceased to be the 
fountain of wisdom for soulful ladies ot fashion. Like all 
fresh and original minds, Bergson is hard to fit into the 
pigeon-holes of our traditional classification of philosoph- 
ical systems, but, if he is to be fitted in, he must be called on 


’ In order to reduce the rofereneen in the body of the following paper 
to the indiapeniiable minimum, it will be beet to give, at the ont^. a 
list of the chief books and articles which 1 have had In mind in writing. 
They are • 

(1) For the Oxford School of Keo>Bealism : Mr. H. A. Prichard's 

K€Mt*n T'Awy of Knowlrftg* 

(2) For the Manchester School Professor Alexander's articles 

dnrittg recent years in the Pror^ding^ of tkr Ari^Melian SoeUly, 
in Mind, and in the British Journal of P^Mogy. 

(3) For the Carabrl/lfe School * Mr. Berfcrara Bnasell’s PkiloMpkiral 
JV«M»ys and TVoMchm of PhUtmpky , and articles by him and by 
Mr, G, B. Moore in iftW. and in the Pror^(iing$ of tie 
AriiiiotHian Soeifty, 

(4) For the American School Professor R, B. Perm's Prfoent 
Philoiopkiral Tendmeirtt, and the volnme entitled TJU Ntw 
Fiofim, containing essays by six American Realists, 
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Idenli^t. Yef, at the same time, the other nod older forms 
of Idealism have hy no ineuiis lost their vitality or their 
fruitfiiliiesH, It is euougli, within the Eiiprlish-speakiuK 
world alone, to point to the rerent (iifford Lertures of 
Professors James Ward and Ifernnrd Posanquet, and, in 
America, to the writinjrs ot ProtessoTs Josinh BoyCe and 
7Iugt> Munsterherg. And, lastly, within quite recent years 
we have been nble to welcome in Neo-Heahsm a vi^rous 
movement, which has already split up into several different 
schools, and which, aggressive in its challenge and ambitious 
in its constructive programme, bids tuir to play a far more 
important part on the philosophical stage than either Prag- 
matism or even Hcrgsonianisin ^ Its challenge is directed 
against Idealism in nil its forms. Hy its very name it cluime 
to champion reality ^ to re-usseri the existence of an inde- 
pendent object-world against what it takes to be the tlieor- 
etical denial of thui world on the iiart of Idealism. Now, in 
the clash of philosophical arguments, as in other battles, 
the dust is apt to fly, and a condition results such as that 
which made Berkeley complain that “ philosophers first 
raise a dust, and then complain that they cannot see.*' The 
points of issue become confused, and the arguments on both 
sides correspondingly irrelevant. This is what I believe to 
have happened to some extent in the recent controversies 
between Idealists and Neo-Realists. Hence there is, I con- 
ceive, a real and pressing need tor a precise definition of, 
and orientation about, the ]Kunts of issue. The time has 
come for a laying of the dust, and it is us a contribution to 
this humble, but ne#*essary, work that T pro]>ose to offer the 

* If thin pHtimnto of Ihe importance of Neo-Realiam be challenged an 
an eiaggeration^ 1 tdionld reply (1) that Hoaliam in the natural reaction 
against the apparent paradoxes of Idealism, and that attempin to main- 
tain it, in some form or other, will therefore continue to be made ns long 
OH Idealism holds the field ; (3) that modern Neo-Boaliam, in particular, to 
important bb introducing into philodophioal ^leculation many of 
reoont resnltn and theoides of Natural Science, Mathematics, and the 
Txigio of Relations, 0 That a mjvement led by such thinkeis as Mr. 
Bertrand Russell and Frofesnor Alexander in England, Professor O. KUlpe 
(the AM volume of whose ErxdiMfrung apprarra last yoar^ in Germany, 
and a vigorona band of young philosophers in America, is bound to have 
a considerable inflnenoe. 
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followiUK dinrusHion of one only, but tiint tbe most funda- 
iiittutal, of the problemH in dispute, vi*,, the problem of 
Mind or ('ouHpiouHnefw in its beariuj^ on the theory of the 
nature of reality. The issue may be, briefly and provision- 
ally, stated thus; Idealists of all shades aprree in eonstruinf^ 
the universe as, in last analysis, mental; as a mind or a 
system oi minds. Beu lists oi all shades a^ree in holding 
that reality is different from, and independent of, mind; or, 
more accurately, that mind, which is, in some sense, unde- 
niably real itself, is only a part ot the total reality, and, 
moreover, a part which is not necessary to the existence and 
nature of the rest. This, then, is tlie problem which forms 
the subject of this paper. 

Part I. — General Survey. 

Nothing, at first sight, may well seem more in keeping 
with cominonsense than the position of the Realist, nothing 
H wilder paradox than thut ol the Idealist. The distinction 
between minds and bodies, ns the two cliief constituents of 
what we ordinarily call the “real world,” is one which the 
very words of language teach us to make, and which con- 
stant use has made so familiar that, ordinarily, we have 
even ceased to reflect upon it. Most of us, if not versed in 
philosophy, may even discover a sneaking tendency in our- 
selves to look upon the body, because it is solid and sub- 
stantial and space-filling, because, in short; it is material, 
a thing to be seen and felt and handled, as somehow more 
r§nl, more securely there (as it were), than ii thing invisible, 
intangible, immaterial, ** abstract,” like the mind or “soul.” 
Religious motives may lead some to reverse this valuation, 
to put the body low in the scale of reality because it is perish- 
able, and the soul high on the ground that it is immortal. 
Rut when we approach the question from the scientific point 
of view, we tend to be impressed rather by what I will call 
the contifivity of the body with the material universe and 
the dtscontinutfy of the mind, both within itself and in its 
contact with other minds. The body, thougli subject to 
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disHolution as an of plemanta, none the less, jnat 

througrh these very materials of which it is composed, shares 
iu the stability and permanence of the physical universe as 
a wliole. 'Phis stability, of whicli the law of the conservation 
of mutter is the most frenerul formula, has found expression in 
the scientidc concept of the material world as a closed, self- 
contniiied, niechutticul, niaterinl system; a system in which 
minds have no share nr ]>lace, which was before ever a mind 
had evolved, which will be long alter all minds are extin- 
guished, and which behaves according to its own laws, 
independently of the presence or absence of minds. We need 
bnt go one step further, and either deny the existence of 
minds altogether, or treat them us mere idle, ineffective 
by-products of the bodily machine, to have the theory of 
reality whi(‘h is culled Matenalmm. In the continuous 
material system which this theory assumes, minds seem but 
like discontinuous sparks, kepi flashing, here and there, by 
bodies of a certain structure, — sparks which glimmer for a 
brief space and then are gone for ever. Not only do they 
seem to hove no continuity with each other: even within 
their own short span of existence they are subject to constant 
interruptions by sleep and urnmnsciousness. What tides us 
over these intervals, these breaks iu our mental life, except 
the continuity of the material frame, the body? Reflections 
such as these almost inevitably lead one to ascribe a higher 
reality to the liody, and in general to the material universe, 
than to the mind — to call the material universe “reality” 
par excellence, and to treat it us complete in itself, and 
independent of mind. 

This was the position of the Old Neahtm, which was 
thus, iu effect, more or less deliberately, more or less out- 
spokenly, materwlnfic. We shall recognise it wherever, in 
any philosophical theory, we find these two orders of exist- 
ents asserted, o material order and a mental order, with 
the implication that the former is fundamentally more real 
than the latter, and therefore the latter dependent on the 
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former, Imt not rice versa. It in n view which we rnn enflily 
ulentify hy aHkiiif^ the fuadamenfal tet^f •quest ton which I 
propose to addrcMN to all KealiNtuN; Hupponinf? there were no 
minilrt at all, xupjMwiiin: them all aiiniluhited, how much 
would be lo 8 t out of our universe, how much would remain P 
Whatever we take us remaining atter the Hubtraciion of 
minds — that will be our “independent reality,’^ and the 
exact character of our HealiHin will vary according to the 
way in which we conceive thin independent reality. 

Neo^Kealism differs from the older forms, not in the 
fundamental principle ot asserting ii non-mental reality, 
hut in refusing to regard this reality ns exclusively material. 
Material objects are to it only one kind, and perhaps not 
even an ultimate kind, ot reality. There are von-maierial 
oh^ccts^ which, for all their non-mnterialit> , are yet non- 
mental, 2.0., are in character and existence independent of 
mind in the sense required by Realism. True, the different 
forms of Neo-Realism in England and America differ widely 
from one another in the extent to which they go beyond 
Materialism. The (hrford Realists, led by Mr. Prichard, 
are nearest to the Materialists: in fact, their independent 
reality is just the material system of the Physicists, a uni- 
xerse of molecules, atoms, electrons, etc., a universe without 
sound or colour or taste or smell, in short, a universe stripped 
of its secondary and reduce<l to its prrmary qualities. Again, 
the Manchester school, represented singly but mightily by 
Professor Alexander, is materialistic in temper, for it speaks 
of real objects os “ physical ’’ and as “ bodies.” Its Material- 
ism, however, is, like Sam Weller’s knowledge of London, 
“ extensive and peculiar,” for it treats the objects of dreams, 
bfllhicinations, imaginations as no less “physical ” than the 
things of our waking perception. Only when it comes to 
numbers, does it confess itself puzzled. For they are clearly 
not physical, and yet are “real” and “independent.” The 
last of the English schools, viz., the Cambridge school, led 
l)y Mr. Bertmnd Russell and Mr. G. E. Moore, is very much 
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leR8 muteriahstic* than ilie previous two,® largely berause, 
through Mr. KuNsell, it has been profoundly influenced by 
moflern muthematiciil and logical theoiicA. and aniong the 
latter, more especially by the writings of Meinong. 

Now, it is just here that, as it seems to me, we come quite 
clearly uimn the decisive break between the Materialism of 
the older Keulisth and the fresh conception of reality of the 
modern Boulists — the fresh conception which justifies the 
epithet “New/* The decisive point, in principle, is t|ie 
ie<‘Ognitioii ot rtMils which uie non-material, without thereby 
becoming “ menial, which arc, tlieiefoic, both non-ninterial 
and non-mental. For want of a chunicteristic wonl we may 
call them, with the Amtnfttti wliool ot Neo-Realists, 
neutral '* It is to be set down to the ciedit of the American 
Nco-Realists tliat thc.v liavc m'ogniswl the cliaiactei of the 
new principle moie clenrh than the English sclumls. Yet 
even they do not all seem to have apprin-iateil its significance 
or scope. Man}' even among them tend to giavitate back 
towards loo exclusive a pro-WTUpation witli reals which are 
niateriul. But the piiuciplc iineli ib ileai enough. It is 
nothing hut the recognition that every torn of apprehension 
has its object,*’ and that the “ existence” or “ sulwistence *' 
of this object can be distinguisheil from the occurrence of the 
apprehension. The piintiple might perhaps be called the 
principle of the independence of theiognitice object. It posits 
as fundamental the “ nbjwdivity ” ( — the “ Gogeiistandlich- 
keit ” ot Uermau logudniis) ot whatever we are aware of. 
To be auuie ” of ” sometJiing implies that there is something 
of which we are aware. The exact status of this something 
in the realm of being may mutter for discussion, but its 
being there, as that which we apprehend, is guaranteed by the 
apprehension itself. Anything whatsoever, then, which we 
can in any way appiohend at all — any object in this wide and 
inclusive sense — is real (i.c., exists or subsist s), and is inde- 

* A trood tost of thu IS Mr Buaseirs attitude on the question of the 
reality of univerMaU (Problems of Philosophy, oh is ), or Sffain, hit 
the^ of SenwHlata (tdtd., oh. i.-iii.). 



pondent in the Hen«e required by lleahsm. That is what the 
jtriuciple claims, or would claim, if all Bealists fully appre- 
ciated its siKuificance. Within the general “univeise of 
heiug *' which is thus posited, we cun make what distinotions 
the character of the ohjet’hs appears to demand. We may 
class them us mntoriul and non-material, as facts and fictions, 
as appearances and realities, as abstract and coniTete, as 
tiuths and erruis. Hut, in so far as the}* all are objects, 
they all alike exist or subsist independently of the mind, 
t.c., of apprehension, thought, knowledge. 

This seems to me the really im]Mn‘tant piinciple in Neo- 
Roalism--im]Kirtaut, both because it fices llealism finm the 
tetteiH of u Mateiialism wiiudi liad become a mere effete pre- 
judice, and even more bec'uuse it affuitls, as we shall see, a 
basis for lioiitlul discussKiti with eveiv kind of Idealism 
which calls itself “tibjccdive ” To be sure. Realists them- 
selves are often still very tar from appreciating this fully, 
partly (as I suggesied just now) In'cause they have not yet 
shaken off the old habit of assigning to the pniblem of the 
material world a prerogative place, partly because the 
application of this principle with ruthless c^onsistency to all 
objects what^oeve^ runs counter to many other established 
habits of thought, e.p., it involves “objective falsehoods.” 
It IS sufficient, however, merely to think of the whole range 
of mathematical entities to have an example of objects which 
may be said to subsist, and therefore to be real and independ- 
ent, without being either “material” or “ mental” in any 
sense ordinarily attached to these terms. 

At this point we shall be well advised to take a fresh 
breath, for the next big wave of the argument is about to rise 
up and smite upon us. 

Those with a keen ear for dialectical over-tones will have 
noticed, that in the course of the last argument the relation 
of real obj'ect and mind has transformed its character. Such 
terms as “object,” “cognitive,” “apprehension,” “know- 
ledge” were repeatedly used. But with these very terms the 
problem has been put in a fresh form. We had begun by 
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ronsidprinp: tlie current cUftiinotion of nnd ‘*renl 

things ” Wf^houf reft rent < fo the siHH‘inl fenture that “ ihin^ifa 
are ««aid to !«» ** kii(»\rn ” by “ luindH.*’ But fiom the moment 
that we be)jiiii to tmit “ thiuKe ” an ** objects which, through 
pen*eption and thought, are “ apprehende<l ” or known,” 
tho whole pioblom shiftetl under our hands. The question 
is no longer how to distinguish in our universe non'-mental 
realities from minds, both being admitted to occur, to 
co-exiflt, and even to co-oj>eiute as, ^ ff** m the “psycho- 
physical ” human pcisonality The question is now the much 
narrower, hut also much ])rotoun<ler one of the relatfon of 
realUirn^ rega riled a% objidt of knmrledgi ^ fo the mmd^ which 
are mtd to know them. In short, ue have hioached what 
has often l>een declaisnl to })e the central problem of modern 
philosophy, viz., the fhetnij of Inowledge Wo are dealing 
with the cognitive situation or relation : iiiiiids know objects, 
objes'ta are known hy minds. This apparently commonplace 
and barmleHh situation gives lise, as is well known, to some of 
the most puzzling problems of philosophy. We can now 
re-define the issue between Itealism and Idealism in a 
preciser foim Idealism, according to the interpretation 
of its Realist critics, holds that to be real is to be known, to 
be object of a mind, that this relation to, or dependence on, 
a knowing mind is easential and constitutive alike for the 
existence (or subsistence) nnd for tlie nature of the object 
known. Tdenlism, on this view, extends Berkeley’s e$se esi 
pereipi to judgment and inference : it is the thorough-going 
and consistent elaboration of a monstrous initial assump- 
tion, viz., that things are “real” or “have being” only 
when and as long os some mind perceives or thinks them. 
That the language commonly employed by Idealists lends 
colour to this interpretation, is undeniable, cp., e.g., the 
phrase “ reality is our intellectual construction.” But I 
shall try to show below that the interpretation is, none the 
less, misleading. However, for the present, the point to note 
is that Idealism is held to identify reality and mind in the 
seliae of dissolving our stable, systematic universe, «.g., the 
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world of nature, into ih^ dieani-hke tissue of the flu\ of 
perceptions and tlioughln Tlieie is nothing leal IdealistB 
are understood to say except wh it minds jm rceive and think 
when and so long as they peiceivp uid think it Tiuly this 
ma> seem a leduction of reality to mind which dissipates 
tealiU, and whicii, instead of real things, lea\es nothing 
but mental states in oui hands No woiuUi that the Keahst 
uses up in defence of reaht> ind pnxliims itw ludepeud- 
eiite ot mind in the stnse tint it exists and his \ definite 
nituie of its own, whetliei it is known oi not Ihus Pio- 
fesHor Perry declaies that Bealism means that things may 
be and are, dirwtlv expeiienced without owing either their 
being 01 then natuie to that (iicumstame ^ Piofessor 
Montague states the same vuw nioic lulboiml^ Ke^liam 
holds that things known may lontinue to exist unaltered 
when they me not known, or Ih it things may pass in and out 
of the cognitive lelition without jiiejudue to iheii iealit>, 
or that tliG existenic of i thing is not coirelated with, oi 
dependent upon the fact that anvbiKly expeniuces it pei- 
ceives it louceives it oi is m any wa\ aw ue ot it ® The 
English Kealists speak in a similar sti nu Thus Mi 
Piichaid KajH Knowleilge um onditionally presupposes 
that the lealitj known exists mdepeudintly ot tlie knowledge 
ot it andthii we know it as it exists in this independence ® 
Vnd again We lan no nioie flunk tint in ippiehendmg 
iealit\ we do not apprehend it is it is apart from our know- 
ledge of it, than we ( in think that existence dejMnds upon 
oui knowleilge oi it ^ Pnitessoi Vlevinder dec laics the 
* Mill (]uestion to be wlietlui objects ue independent of 
mind, and pioposes to use Uie feims non mental ' or 
external to express tins independence ^ Ihebe quotations 
ina\ Hufhee to ilhisti ile the lusistenc e with whu h Neo-Heilists 
ot all shades upliold the comejition ot i univeise wliuh shall 

• i*hihMphi of Ittwf r ts tli xui **6 p 116 
I hf \fu If at mm appendix p 474 

• Th^y tif hnmptidqr ch i\ p IIH ^ Ibtft p 119 

• "On SensatiouB and Imigeb Pr c Inrt lOOO/tO pp 6 9 
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be "rear’ in the Kense of “independent of mind,” where 
"mind ** ineanM knowledge or the proceftees (or aetivitiee) of 
knowing (perceiving, thinking,. etc.) and where "indepen- 
dent ” meanH that tlieae piwesben make no diffeience® to the 
nature or existence of the real. 

Now, in ordei to deal with the isHue in thia form, we 
must once more take a survey for orientation. And our best 
clue will be to put the question : Whnt do we mean by a 
muid? What does it dol^ What is it made ofi* What are 
its constituent elements!^ To guide us to the answer, let us 
again apply the test-question suggested above : What would 
disappear from our universe if minds were wholly to dis- 
appear out of itP That is, in effect, the subtraction which 
the Oxford Idealist, Mr Prichanl, asks us to make when 
he l£ys down the principle that we must treat as mental 
everything in the universe which would disappear with the 
disapi)earan(*e of minds. Very well, let us make the sub- 
traction. • 

(а) Minds are commonly said to feel, to think or know, 
and to will, or to consist of feelings, perceptions and 
thoughts, and volitions. liough and ready us this threefold 
division is, it has well-estahlished philosophical tradition in 
its favour, and it is, moreover, ^endorsed by most modern 
psychologists. It will serve sufficiently well for our present 
purpose, and so we shall conclude, in the first instance, that 
the disappearance of minds fi*om the world uould mean the 
disappearance of every kind of feeling, thought, and will — 
in short, of “consciousness”- but would leave everything 
else as it is, 

(б) But u theie anything else? That is just the point at 
issue. Let us tr>' further. Leaving aside feelings and voli- 
tions, on the ground that the dispute is concerned only with 

knowledge” of real objects, we shall say that to “know” 

* Profewor Ferry proteets against the phraae "making no difference” 
(New Bealum, p 104), bat it seems a fair paraphraiic of the view 
expsSHBed in the quotations given, and it has the anthonty of ProfeaHor 
Royee (The Worla and the Individual, First Beries, pp. 118-13S), and ICr. 
Joachim (The Xn/itre of Truths pp. Xl, 58). 
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is to perceive and think It iniglit be objected iliiit tbia is 
too uiKiualified a htHtenieiit. To know, it may l>e aaid, is to 
perceive and think tmly, to perceive and think things as 
they are. Not all perceiving and thinking satishes this test. 
We mis-perceive, we mis-think. Mistakes and errors are not 
** knowledge.” But tliis distinction, again, we may neglect, 
for even when we think falsely, we do undeniably think 
^orntthing: our minds are not an empty blank. There is, 
cognitively speaking, an object — misconceived and distorted 
if you will, but still an object. For this reason, we shall fake 
knowing in this wide sense of “apprehending,” by percept 
tion or til ought or imagination or in any other way, any 
“object” whatsoever, and we shall ask again: whut dis- 
appears when kngwledgo or knowing is subti acted from the 
universe ? 

And here we are at the parting of two ways “Know- 
ledge,” I said, or “knowing.” That suggests felie distinction 
between “knowing” us the minds adwdy^ ond “know- 
ledge” as what ts known (==*the object). The conohision, 
paradoxical in language, would be that, thougli knowing dis- 
appeared, knowledge would leniain. And, further, it w'ould 
follow that wluit is know^n and what is real aie, in principle, 
one and the same, and Idealism is on the point of being 
justified. But the solution, alas, is not so simple. We are 
forgetting that this simple distinction betw’een the activity 
of apprehending and the object apprehended, tliough 
defended by recent theory, runs counter equally to every- 
day thought and to much authoritative philosophical specu- 
lation. For example, when we dieam or indulge in the play 
of imagination, we do not merely regard the activities of 
dreaming or imagining as mental, but the dream-objects 
and imaginations ns well. In a word, we recognise objects 
which are “ mental ” and would disappear with the dis- 
appearance of mimle. And these “mental” objects we 
class as “ unreal ” by distinction from those which, though 
equally capable of upiiearing within the field of apprehen- 
sion, are “real.” And of these “reaK* objects we tend to 
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Hn> that in 1 m < oniin^ objuts the> do not bptome ‘ mental 
in Rlioit tint Uuy ue iion-mcntil oi it least not meiely 
ment il, not sudi is to depend foi ibeir existence and that- 
lUtei «»n the utiMlv of thi mind Oui (omlusion would 

• In thiH pishiKe tho UrniH inentil eU have be in uwed in then 
cunent (.ommonMnsi ineininn^ But lo i ciitudl leider it is obviouH 
that thih Biuht iH full ot iinbiffiiity and whtii. there is ambiipiity thoio 
the Hituition ih full ot diilniii il |KisaibiUtits I oi ixatnple the curiiut 
diHtinction of tninda and boduM and the idtntification ot bodies with 
m uteri il non incutul loiil objecta ih a piece of naive metaphvHical 
doffma whuli takis no account of tht piiudoxcH of the the 015 oi know 
led^e It does not refltit that butien and niinda in older to be dm 
tinffniNhi-d must both be thoujfht of 1 must both become ob^ectM miurt 
inter into lof^nitiie relition to a mind But this meauH that the mind 
iH capable of apprehcudinff Indh itnelt ind what ih not itself (iIh other ) 
and of diHlin^iHhinfif itaiuf from its other — Or offam we diHtin^iHh 
with illuHory east in popular theory between ‘ thin^ and thou^t» 
and binee tho mind thinks ni has thoun^htH wo tend to identify the 
distinction between thinffM and thought#! with the distinction between 
obioetH (non mental) ina minds But thoughta irt of or * ibout 
thingH Hhat then exactly ih the diatinetion between a thing and the 
thought of that things Or betwten the thing in itself and the thing as 
thought? — And yet again as wo found just now a mind can make an 
object of itself i ^ torm i thought of i^elf But if bo the diMtinction 
does not he Himplv between nun mental objecth ( things ) and thoughtH 
There is a doMe diHtinotiun via ( 1 ) between things and minds 
botb alike regarded aH oh)eci% *iud (2) between all objects mental or 
non mental and the ih i/gA/a of IheHe obieots This is the diatinctlon 
involved in the cognitive rehtion object^ and mind being the terms 
related and knowledge ^ ippiehemnon etc the namet» for the 
relation Or we may punh the Rubtleties Htill further and ask. whether 
we ought not to diHtinguish between a mind and its thoughts, as well os 
between its thoughts and the objects of these thoughts even though 
one of them be the mind itself And whether in the end a mind can 
think anytlung it all but itself’^ All these dialectics and plenty more, 
ire to be found in the liter iture of the subject and very pretty sport 
they moke for those who care to exercise their ingenuity in this wav 
As the net result tor our present purpose we may pernaps carry away this 
moral that wo must distinguish between (al the grounclB on which within 
the totality of possible objects of thought 'mental may be differentiated 
from non mental objects without any xeference to the cognitive relation 
and (b) the ground on which in analysing tho cognitive relation of a 
thonght to the object of which it is Haid to be the thought any 
object whatsoever im duicriminated from the thought of that ^ject or 
from the mind that thinks the object Ihe issue oetween Realum and 
Idealism ut least as interpreted by Realists anses wholly under (b), 
being based on the cognitive relation The deciuve question is whether 
that relation is essential and oonstitative for the existence and natiiie of 
all objects whatsoever Most Realists hold that there are obieots for 
which the relation is temporary and accidental and which are ^erefore, 
"independent and "real and other objects which are "mental in the 
•peeial sense that they occur only in this relation In this foim the issue 
involves the lonoal char icter ot iflaftoHK a problem with which I am not 
ooneerned in this paper But an examination of mime othei arguments 
oonoeming tho 'mental charoctei of objects will be found below in 
the "Conoiusion In this context the paradoxes about "ideas," aUuded 
to below in the text, should also be noM 



tlieu be that foi these unieil objects^ thost (realuies of 
dream and imagiuation, the Ideilistu thtoiv holds good 
toi them etijse esf penipi On ilu oihei hand leal ob]ectA are 
thought to lia\e an " indp|wndeiil e\istemt jhi st They 
puss mto uid out of the tognitive lehitioii in prim iple with- 
out luodihc dion I he stilus of being lypiehendwl whuh 
t 1 ie\ lu ly teni]Mii iiilv meupv mikes no issential dtlleienre 
to then iharaclei or txisttiue On this view, then, the 
totil uiiiveise ed oui < oust loiisness the uiiiveise wliith is 
(0-t\tenflive with the lange ol mentiil utnitv— is made iip 
of leal oi non-meni il ind unieul oi meiitiil ob]etts of whuh 
flu ^oimei would suivivc and the liitei peiish, with the 
JiHippearant i ot minds Tt is also imx>lied that while the 
uiuveise of (onstumsnoss contains mmh tint is umeal it 
IS vei V lai fiom coiituinuig all that is re il The leal ohjet ts 
whuh at any one time aie within it iie only a iiagmeut of 
u vaster non-nientul uinveist ot independent entities 

Veij well let us see whither this view leads What 
objects aie mental m this sense DrenniH and imuginations 
we have mentioned aheady Hallucinations and illusions 
aie an obvious addition In genetal all errois and mistakes 
and “mere,’ oi “subjective,” ideas belong to the mental 
group And wh> only false ideas AVh\ not all ideas what- 
soever!^ Does not tiiith aftei all, belong to the mind as well 
18 eiioi ^ (ommonsense will haidly object, and there is 
good philosophical authoiity hoin Descartes onwards foi 
heating all ideas as mental Indeed if an “idei ” is not 
mental, what is^ But ‘ \chtung^ as the tohogganists ciy 
at Swiss wintei-sjKirts What in the woild is not idea or 
capable of becoming idea Foi in idea is the thought of on 
object and even the most leahsticallv leal object can be 
thought of It in fact be thought of, else how could 

the Kealisi theorise about It thus c an assume the status 
of an idea But does it not hereby become ‘ mental,’^ an 
element in some mind ^ With the diM.j]}]>f oninre of mind 
will not then the univeisi^ gad idea, gud object of mind, 
disappeui ^ If 3 on eliminate mmds, so it would beem, you 
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elimiuHte tlieir ideas, and thereby the univerne m far it is 
“ object.'* Hut, it ho, IS tlu‘ieaU 3 uiiivciHc lett at ulli' Once 
uiure the lleuliHt, if rashh tempted to <*oinmit hiuiHelf to 
thiR line of thought^ findn himself in dire peril on the pre- 
cipitous edge of Idealism. He can save himself only by 
abandoning the identification of real with non-mental, and 
of unreal with mental objects, niul falling back on the broad 
principle that ‘^uctivities ot apprehending are mental, 
and that nothing else is. All objects, therefore, will be real 
qud objects. We return, in short, with fresh appreciation to 
the eognUive sense of these terms, the recognition of which, 
as 1 said above, is the churacteristicnlly new feature in Neo- 
Realism. 

The ambiguity of the teims “ mental and “ real,” and 
the instability of the current distinctions between them, 
may he illustrated by another line of thought Among the 
objects which are mental, and which would disappear with 
the disappearance of minds, there .ire, according to a well- 
known view, all colours and sounds, all tastes, smells, touch- 
qualities, temperatuie-quttlities, in sliort, what philosophers 
have called the “secondary ” qualities of things. The argu- 
ment in support of this view is iilniost too himihar to need 
re-statement. Real and non-mental are the physical dis- 
turbances, the air-wuves, the eiher-OHcillations, the chemical 
processes in nose and tongue; real also are the effects of 
these agencies on the nervous system— the nerve impulses 
started in the sense-organs and piopagated to the brain. 
Only their ultimate results, the “HeusaiionH" of colour, 
etc., are mental. A pleasing, but in spite of much scientific 
support, alas, an unstable view. For, clearly, from the point 

" “ArtiTitiw” ia used in n quit© general «enw. being a term employed 
by all flchooln of Neo-Beal iNm. Hut among themaelrei) they differ widely 
ua to the eburooter of the cognitive activity. To some American Keoliste 
it in apparenUy identicsal with the selective reaction of a nervous system to , 
rttf muli. IWessor Alexander treats knowing, thinking^ perceiving, etc., 
ns no many “oonations.'* And to him. an to most EnglM BealmtH, these 
aotivitien aie ultimate, unanalysable modes of being conscious, modes 
of awareness. Similarly, “relation," as applied to knowledge, is a word 
oommon to all Bealiste, thongh the nature of the “cognitive relation" is 
very differently interpreted by different whooU. On both these points 
see below. Part II. of this paper. 
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of view of knowing, wo linvo to begin with these menial 
objeotH, and by an effort of inference we have to icach the 
non*mental chuboh that lie beyond tliem. Thefie are not, 
therefore, directly apprehended. They are matterH of infer- 
ence, that ifl of theory; they are aHKumed as hypothenen^ 
whose maintenance depends on the somewhat precarious 
factor of their “working^* value. No doubt, many scien- 
tists, being — perhaps excusably- little interested in the 
philosophical aspects of tlteir procedure, take atoms, and 
electrons, and electric vortexes, and ethers and rays of all 
sorts, us HO innti^' solid facts. But tliose witli a taste for 
speculation soon realise the hypothetical, the often almost 
fictitious, character of these entities. I neeil not quote 
Helmhulte, Mach, and other leading authorities, in support 
of a view which I may assume to he familiar The more 
Bcienc^e goes beyond the diifct matter of fart, presented by 
the senses, and builds up its theoretical edifices with hypo- 
thetical bricks, tlie more does it deal with “ things of the 
mind." The universe which is “real” in the naive sense, 
cannot well, it is thought, lie the abiMle of things which are 
fictions and whose oxistenee depends on the maintenance of 
hypothfHies. If the objects of all imagination are mental, 
and therefore unreal, how can the objects of the wientific 
imagination be exi^mptP But beliohl the paradoxical con- 
clusion to which w't' are driven. The world nt the ph^hicists, 
so far from being through and through “ rear* and iion- 
nieninl, is through and througli mental and “ unreal.” For 
whether we take it as colours and sounds, etc., or as elec- 
trons and energies, in either cane arguments for the 
‘‘mental” chamcier of their universe can be brought for- 
ward, which fwdentists themselves have endorsed. There are 
only two remedies: either to revise the whole loose conceji- 
tion of “ mind ” and the loose distinction of “ mental ” and 
“ non-mental/’ and the loose identification of this pair of 
terms with “unreal” and “real” respectively,^^ of to cease 

Some further oWnratiouB on then© points will be found in the 
ConcliiHion " ol this paper. 
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regarding the “ mental ” ohm aider ol objects ae fatal to their 
“reality." In a nenne, thoHo alternativeh are not exoluBive, 
but, pnma fane, Kealism adopts the first and Idealism the 
Beeond. 

We may, perhaps, summarise ihe net lesnlt of this first 
nud InnjfeHi part ot our argumeui by sa;yiug, (1) that we have 
found all the current distinctions between reality and mind, 
however convenient in theii oun context, to break down 
under the pressure of }»liiIoso])hiC(iI criticism; (2) that we 
had better say, with the Ilealists, lliat any and ever> object 
ot apprehension has “reality” or “being” in ihe most funda- 
mental logical sense of “objectivity” or ” GegeuMtand- 
lichkeit 00 that, on this common basis, the isBue between 
Realism and Idealism is whether, over and above ihis sense 
of reality, there is a tuither Hense in which all objects (or 
perhaps only some of them) aie “ independent ” of appre- 
Ueiisiou and tlierelore ot mind,** and what is meant hy 
“mind” lu this context. 

P\KT II. N>c)-Ui.alisiic TmxiRiKs ot Mind. 

The general hurve> , undertaken for the sake of orienta- 
tion, nhioh we have just completwl, will now enable us to 
appreciate the exact healing ot the Theories of Mind, oft'ereil 
by modern Neo-Reulists. We must say “ Theories, ’’ for it is 
just on this central ]K)int that XiKi-Realists differ most «trik- 
ingly from one another, fn order to keep this paper within 
reasonable limits, and nol to bliur tlie points which I shall 
try to make, [ shall neglect all minor vaiiationH and go 
atmight to tlie fundamental cleavage wliich ranges the 
English and the Ameiuan Uealists m opposite camps To 
state their difference at once in twdiiucul language: the 
English Realists are fhfaliMin the American Realists pro- 
fewi an “ Epistemological lu other words, for the 

Englinh schools mhufs or contnounanmen are a (fistintet kin(f 

" This w, of roume. the ha me iratnr as that mentioupd nt Hio ond of 
the footnote on p. 168, vi* . wholhor there aie objoctH which ore "reaP' in 
the Menfte of haTing an exiHtence apart from their occurrence as termn in 
cognitive relation. 
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of entdn^ m thum^ jt I nuiy use tht woid, as 

a^cunst all otliii cntitus whuh uc ohjtrt^i^As lUey hold 
ill it tlieie IS sonietlun^ distmct lioiii ill objiiis, haviui? (as 
it Meie) (I snbstuilial exisieuce ol its o\mi iiul tins suiue- 
tlnuff the utmties of which we call sensition, peiception, 
tlioufchli memory laiagin ition, etc lu mind oi conscioub- 
nes8 Jhe Vmeiicans, on tiie othci liand hold wlnt they 
flesciihe as the ulafftmal thtorn of c onscioiisness i theoiy 
it first si^hi much muie difhcult «uid patadoMcal than the 
] nglish theoiv, coniainiiift as 1 believe the truei piin- 
(iplc On this tlieoiy, winch h ib is \et been stated only m 
fi iginenfti, a mnu! ^nnply a w/cc/c'c/ qroup m (hi%n tntt of 
thf U)tal unnu^f of ihnu/s ulnth suhstst M> nnnd, c pf , at any 
giien moment is just that limitcHl lauge ot objtctH, whether 
peicened oi thought oi imagined etc , winch it that mom- 
ent he within, oi constitute the held ot my c cmseiousneHs 
( onsc umsness is meiely i deinoustiative tcim a held 
of consciousness is just an nichisi\c phiast toi that fiag- 
ment ot the univeisc which ih at my given inomtnt an 
object ^ It me ms the lelatioii oi principle ot grouping 
whmh, from moment to moment out of the totality ot reals 
in the universe, bnngh just this niisc ell intous lot of cmIcIs and 
ends together which I see hear think doubt etc etc Tlie 
explanation of the grouping is to bt found in the selective 
action ot the nervous system which lesiionds only to certain 
elements in the total environment 

Let ua trace the difterence between these two views more 
in detail 

Th» Lnghsh lleahstb we may take Piofessor Alexander 
us n deal example ot this line of analysis stait from the 
cognitive situation, c p I pen eive a tree Duec t inspec- 
tion ot this situation te\ea}s the fact that we have here the 
'^compresence or ** togetheimess ” ot two things, via, a 
physical thing, the tree, and a mental thing, vix , the percep- 
tion or act of perceiving The Dualism of this view le obvious 

'I be iunction of the perception is to reveal the tree just as it 
18, hence it is, or ought to be, infallible, there ought to be 
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no loom foi any iiU8tike it din not i ilsify oi ilistort For 
consciousness is i quality 1 cm trinspiicnt medium i;i]nrb 
Imviuff no clniaitei of its o'wn i innot ilipi or modify the 
chaiacter oi that uhich it leve Is ^hen steeped into thiA 
medium is it i\eie tliinK^ aie sud to he ippiehended but 
it IS not luccssiiY to then ixihUncc or to then iiaiuie tint 
they should be so steei>ed Ihey aie wh it they ire whether 
oi no tonsci msnoss enselops tium i\holH oi pirtially for a 
lon^ei or \ shortc.] timi Only ni one icspect docs Piofessor 
Vlextndti indu ite the chat ictci oi these (|ualil\ less tians 
paienl uts if cciwiousncNs i little luoie full\ He describes 
them IS conitions **\vith ii ii leiue liHOuIdsocm chiefly 
to tiu element ot ittcutiun to ot duec turn u)>un in object 
A mind thus is i system ot conitions In pnt the 
IKiint of this view is imIchuc il ind diicctcd i^iinst much 
cuirent Ps>cholo^^> %lnih b\ nu ins ot the imbi^nnna 
phi ise cuntinl ot iiieiit il pres esses jd u es within the 
mind ill kinds rl c leincnts whic h like the se celled quail 
ties of sensitions uid unices md ideas me for 
Piofessor \U vandei \ ni ot the ohjeitivc leality stiiitly to 
be distmf^uished from the ment iI pioci sses oi uc ts which aie 
trunspirent ( on itious diieeted upon these objects 

Now this view IS not lu ul^ itsell so transparent as it 
looks ^Ve cm isk sever il iwkw ird questions about it 
(1) In the fust plaee iJ cons lousiuss his no ch ii ictei of 
its own how c in we uccgniHe it oi identify it at all ^ How 
Liu we distinguish it when piesent troin the thinff which is 
t ^ hot IS the difteiem e c\c ejit in wonls between 
the tree by itself ind the tree envelopeel in this translucent 
medium^ In short does the word c onsc lousnesB stand 
for anything at dl ^ 

(i) If consf lousness has no ch u utei of its own how can 
we distinguish between diflcient forms oi modes of it^ 
What IS the diffeience eg , between perceiving and think* 
ing apd imagining*’ Cleaily there is only one way out— 

Sm his psfwr in the Brtfuh Journal of Ptgehology toI ir 1911. 
entitled fikeloh plan of a Conational Psychology 
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the way which ProfpHHor Alexander ia compelled to take - 
viK., to oonneet upparenl differences ot consciousness with 
genuine, qualitative differem^eH of its objects, to correlate 
sensing with “sensa/' perceiving with “perceptu/' thinking 
with “cogitata,” and so on But this, I submit, may save 
the situation verbally, but is in effect a confession of the 
bieak-down of the attempt to distinguish consciousness as a 
separate “ somewhat ” from its “ objects.” 

(Jt) Suppose we grunt to Pi*oies8or Alexander that every 
item of perception or thought or memory, etc., is in itself 
directly apjirehendod, such as it is, there yet remain to be 
accounted for all ihe ojicrations ot Mynthesis and sinalysiH, of 
interpretation, ot inference in short, all that is usually 
described as the uork of “ c<nistructive intelligence.” For 
example, 1 do not simply “see” a tree On the contrary, 
Msiiul peri’cption, stripped ot all inferential interpretation 
and reduced to the actual visual datum, presents me merely 
with a variously coloured patch of a certain size and shape 
in iny visual field. That this, which is all 1 strictly “ see,” 
ih or means a tree, is more than sight, it is inference. But, 
supiKihing it were all sight, 1 should not ordinarily stop 
there, but go on to think alMUit the tree, to i*ecall other 
things connected with it or beating on it, that it illus- 
trates certain botanical principles, or that 1 climbed it as a 
boy, or that it is to be cut down tot fite-wood. The chief 
function of what is ordinniily called “mental activity” is 
just this ex]mnKion and amplification of the “ given ” object. 
We do not merely apprehend passively, but we elaliorate 
actively. We add, we modify, we analyse, we interpret. 
True, it is through these processes that error is apt to enter, 
but it also is no less tiue that only through theae prot^esses 
do we achieve knowledge. How can the theory of a quality- 
less activity account for these facts P A conation, such as 
Professor Alexander describes, might (Xmceivably be 
directed upon a given something. But how could it add to 
it P Or go beyond it by memory or inference or imagina- 
tion P Clearly, the nexus which makes the additions rela- 
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VHnt, and the whole Hpiin^ of the movement which lendff to 
the addiiions. ih to be nought tn the iiaturv of the ohjedn^ 
not in that ot tlic bupiKised tiaiis|Ku*eiit conations.’* 

In piinciple the Name distinction between an object 
and n transparent mental act is drawn by Mr. G. E. Moore, 
of the Cambridge School of Uealisiu. To reduce the problem 
to its most elementary foim, he takes the example of a 
" sensation of blue,”’® which he analyses into the object- 
element “blue,” the mental element sensation, and a unique 
and not otherwise descnbable relation between these two. 
The sensation is a case of ‘knowing/ or ‘being aware of,’ 
or ‘ experiencing ’ something ” The blue is not a mental 
“ image ” or the quality of anything mental at all. It is a 
real, inde^iendent feature of the universe, standing moment- 
arily in this unique relation to a sensation or act of sensing. 
To reflect on one's sensation of blue is to lie ** aware of an 
awareness ot blue.” Mr, Moore goes on to point out that 
there is this difficulty about the analysis, r/c., that to fix 
one’s attention on the “ c‘onH(»iousnesH apart from the 
“ object,” is apparently to focus on mere emptiness, on some- 
thing so “diaphanous” that noUnng seems to be there al 
all. Most students will agree with Mr. Moore in this, but 
they will draw the opposite conclusion from that which Mr. 
Moore has drawn They will conclude that consciousness is 
not distinguishable, in the sense lequired, from what are 
calleil its “objects,” But Mr Moore sets out with the 
determination to find such a distinction, or if he cannot find 
it^ then to manufacture it in the name of Realism. Thus he 
is driven to invent a diaphanous consciousness to fill the gap. 
But there is, ns I shall try to show below, anotlier way.’’' 
Meanwhile, suffice it to say that Mr. Moore has not, so far 
ns I know, extended his analysis to other mo<le8 of mental 
activity. Hence, whilst his view is open, in principle, to the 

Th» if rea]W tho feature on which ‘'Objective Ideal lum" inaiatn. 
Bee below in the 'TonolnRion" of thia paper. 

See Ml Moore’n article. A Bejuiafion of Idealism, in Mind, N S., 
.>fo. 4S (Oof., 1903). p. 440 

Sm the "Conolufion" of this paper. 
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game objeotiona as Professor Alexander^, we have even 
fewer data for inferrin^r bow Mr. Moore would deni with the 
(Hffi<'ulties, 

Now, the AinericiiTi Itonlists, an I Huid iihovo, recognise no 
such mysterious, diaphuDous ** consciousness " existing 
alongside of independent “ objects/’ They take their cue 
fiom an uiticle, wiitten hy William James in the lust years 
of his life, which is entitled : “ Does (Consciousness Exist J*'*^** 
Tt is niieresting to note liete that, whilst never ahundoning 
Pragmatism, James was the author of articles which make 
him unniistakeahly the forerunner of American lieulism. 
In the pa]>er just inentioneil he says of expeiience” that 
it is made of thait of just what appears^ of sjiace, of in- 
tensify, of flatness, of brownness, of heaviness, of what not 
.... Experience is only a collective name for all these 
sensible natures. , . In short, he unmisiaki^ably iden- 
tifies expel ieuce with tlie objective context, with the world, 
the universe. Now this is just what ^‘objective” Idealism 
also does. Perhaps the jioint becomes clearest by asking: 
what, after all, is the character of seeing as distinct from 
the colours seen, of hearing as dLstinct from the sounds 
heard, of thinking as distinct from thoughts, i c., from what 
we think, of consciousness or awareness us distinct from 
what we call its objects P James replies: There is no such 
distinction. Seeing means colours occurring, hearing means 
sounds ooenrring, thinking means thoughts o(*<*urring all 
these in a certain context, described as a field of consiuous- 
nesB.'’ We have, in short, the relational theory of con- 
sciousness : a mind is a selection, a fragment out of the total 
moss of “being.” On this basis, a Kealistic theory can 
easily be built up. We need merely assume that tlie selec- 
tion or grouping is, in a manner, accidental to the elements 
thus brought together, that these elements have a nature of 
their own, and stand in relations to one another, and to other 
elements not included in the selection, which natdre and 

^ See gMttya in Radical BmpmeUtn, pp. 36-27. 

IS 
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relatioTin ore inclepeiuleiit of lliiN hj>e<Mnl giottpiug, c»o that 
Ihey may be taken to exJhf, whether or no they happen to 
be grouped together us a mind- we nee<l merely asBume tkift 
to get straightway a realistic conclusion. 

If my account is sketchy, I must excuse myself wit}i the 
fragmentary and tentative statements of my authorities. The 
most important of these are Professors Perry and Holt, of 
Harvard, who both, as T read them, hold such a view as I 
have attempted to outline, exceyit that Perry appears to lay 
undue stress on the physical environment ns the totality, 
out of which the response of u ncr\"oug system selects the 
items which, at any given moment, constitute a “mind.” 
This seems to me unduly nariow, to lay too much emphasis 
on objects of perception, and to neglect the ranges of objects 
.with which we deal m Mathematics, Logic, Ethics, Religion 
and other branches of thought. Holt, more soundly, 
makes his “universe of being/' within winch minds are 
subordinate groups, all-inclusive.^® 

By wa 3 ^ of rounding oft this sketch of tlie Neo^Realistic 
theories of mind, let us once more apply our teiti-<)uestion. 
We then find ; (1) That for English Heahsts tlie world would 
by the disappeaiance of minds lose only a transparent some- 
thing-or-otlier which leaves the rest cx.icily us it is; and (5J) 
that for Amcncuu Healisis there disappears only a special 
grouping or lelatioiisliip of the objective elements of the 

*■ Perry (wo, #. 7 ., /'rwn^ ch, xiil , JIO) 

rooms to take u too narrowly biological view in treating oonHoluoiiDeM M 
a "specioa of function'* exerciwd by an orgniiinm upon an onvironmeDt. 
Tkis tendn to resit ict the enTironmeni to physical, t.r., ultimately to 
material, nature. At any rate, there ih no hint of the environment being, 
r. 7 ., moral or Hocinl or wsthetic or religioim .^nd of the ^anism reaeting 
to tbeoe characteiM ns well Holt (Nrv tfraliam, p. STSS), nn the other 
hand, says "The picture I wish to leave u of a s^neral univemp of being 
in which all things physical, mental, and logical, propositions and terms, 
existent and non-existent, false and true, good and evil, real and unreal 

subsMf A mind or conscKinsness is a class or group of entities 

within the subsisting universe, as a physical object is aneCher olass or 
group." The whole passage should be read it puts the important points 
with great olearneiw, 

I ought to add that, in singling out Profesaora Perry and Holt aa 
the spokesmen of American Realism on the subject of mind, 1 am 
omitting Professor Montague's view (Nfw fffolim, p. 381). Not feeling 
sore that, in its present form. I understand this view, 1 think it safer 
not to comment on it 
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univerBe. The universe, romposed in the last analysis of 
simple, unanalysable entities, would remain what it is, 
notwithstanding the elimination of minds. It would only 
cease to be carved up, here and there, into a special kind of 
temporary aggregations of selected elements On either 
view, reality in its own character is indifferent to the pres- 
ence or absence of minds — that is wbat makes these views 
realistic. 

CoNCLVsioN : The Main Point kroh lut Hkpla’ of 
Idealism. 

Tlirougliout tills pn])er I have had ucTasion to emphusise 
the issue between Ileiilisni ami Idealism. Ueiice it will not 
be inopportune it 1 conclude by outlining, briefly, the main 
point of the Idealistic tlieon concerning the natuieof mind. 

I said above that Idealism cnnstiues the iiniveTOe, in 
last analysis, ns a mmd. the so-called Absolute Mind, or as a 
system of minds Fortunately, it is not necessary for our 
present jiurpose to go into the difference between these two 

the Absolutist and the Pluralist- views, (juestious of con- 
siderable technical ditficulty aie involved which lie outside 
the jiniper limits of this jmiier. It w ill suffice if we concen- 
trate on the principle which is common to all forms and 
varieties of Idealism, vi/.., the identification of reality in its 
full character with the nature and life of mind. 

Now, thus boldly stated, this theory may easily seem tha 
wildest of paradoxes, hut the paradox soon disappears when 
we frankly and fairly face the issue: what does ‘*mind'' 
mean? What features of the universe does the term stand 
for or point toP And are these features so fundamental 
that we have a right to acclaim the universe, in its final 
constitution, as mind P 

This problem is purely one of Logie— <d Logic in the sense 
in which its task is to trace out the conceptual structure 
of the universe, or, in other worde, the structure which the 
universe must have, on the assumption that it is a single 
self-consistent whole. In the technical language of Idealism, 
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it u pniblpia of tlie adequacy of reituia “ categorich*' for 
2uetuph>Bi(‘al theory. All difficiiltleB and miBunderstundinga 
which divide Idealists and ihoir criticB arise from the fact 
that the meaning of mind is ambiguous, that the word is 
variouely used to point to features of the universe which 
stand on widely different levela in the scale of categories, 
which are, in other wortls, of very diffeieut degrees of 
ade(|Uacy to the nature of reality ai a self^cmststerU alU 
%nc1u9tve whole. I wdll point, in support of this contention, 
only to two meanings of “mind,” neither of which is that 
of the Idealists, but eu(‘h of which luis been attributed to them 
by their critics, and maile the giound tor a complete rejection 
of their theories. 

(1) The first is the p^yth<tlttgieal theory of mind us a flux 
of perceptions and thoughts — the “ stream of consciousnees,’’ 
in William James's picturesque phrase. This theory may be 
adequate for Psychology, but it is agreed on all hands that it 
is iuade<iuate as tlie basis for a theory of llie universe. Its 
category is that of ceaselew*, unstable, temporal sequence. 
Tile mind is the variegated 8e<iuencp of all the feelings, 
sensations, ideas, xnemorieK, etc., that follow one another 
in rapid change from moment to moment Xo one can con- 
sistently suppo8<v though Hume tried to do so — th^t this 
flux is the last won!, the ultimate tiuth, about the reality 
wdiich w'c claim to perceive, think, recollect, etc. To have 
shown the inadequacy of this view is the achievement of 
Kant m his reply to Hume. And Kant succeeiled because he 
took his stand on the nature of judgmeniy and through it on 
the h}gwal drueturc of oui universe which is expressed and 
affirmed in our judgments. 

(2) The second mislcHuling interpretation of mind is one 
which, borrowing Professor Perry's convenient phrase, we 
may cull the ego-ventne.^ The term calls attention to the 
fact to which all the language inevitably used by us bears 
witness, viz., that minds, at any rate in their mature human 

•• Bee Pprarti/ PhUo^ophiml TfntiinritB, ch, n,, ^10, p. 13B, on the 
Xgo-oantrio Predioament. 
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form, ure nelrtH. Eurli of UHwiys: / tliiuk, 7 feel, I will, etc. 

of U8 speaks of my iJen^eptioiiK, my ideaH, my world. 
There is no object, no element, in tiie xiiUTerse which, as 
perceived, thought, spoken of, does not thus come within 
the field of coDHriouRness oi a thinker, a self, an Ego. 
Bui, argue the Itealisis, these temporary associations of real 
objects with Egos (-^English Beulists), these temporary 
aggregations of real objec^is into ego-centric fields of oon- 
sciousuesH (-.American Boa lists), are not the ultimate truth 
about the universe. Minds, as Selves, are transitory forms. 
The range of reality which they cover, whether at any given 
moment or in the idea) sum of the moments ot their lives, is 
a mere fragment of the infinite totality. The ports of reality 
that a Self ut any time apprehends, are mere isolated, 
selected, ubsiracted bits ot the whole, and these aggfrega- 
tions are unstable and coiiHtantly dihsolved and re-oonsti- 
tuted. Again we see that the criticism, in its tuudnmental 
logical motive, turns on the inadequacy ot the categories 
employed. There is ugiun the ohulleuge on tlie ground of 
the transitoriness and instiibility which is iiiHeparnble from 
tims; there is the challenge to the inade(iuacy ot fraynu:nts 
isolated from the whole, there is the challenge to the largely 
chaotic and accidental nature of these fragmentary selections 
trom the whole, us against the orderly and systematic 
character ot the whole; there is, lastly, the challenge to the 
dispersion of rcahty into an indefinite multitude of finite 
minds, which between them may not cover the whole. 

And so, on all these grounds, the Bealists reject the 
Idealistic identification of reality and mind; they labour to 
discriminate between the nature of reality and the nature of 
mind. But, in nil this, they are really fighting for a 
logically adequate conception of reality : they are fighting 
against inadequate categories. And, therefore, they are in 
the paradoxical position that, at bottom^ they are fi,ghttng^ 
not against Idealism, but with tf. 

For the Idealists, as 1 understand their theory, entirely 
and whole-heartedly agree with the Brealists’ criticisms of 
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uiiud uuderHtood in either of the iiboTe-nientioned ways. 
In fact, they have urpred these very urfiTuments themselves. 
But they reply lliut (he UeiiliNtie theories overlook alto- 
ffether certain all-importuui features of the universe, and 
that it is just these for which IdculiMtH use the term “ mind.” 

Perhaps I can best make this idealistic conception of 
mind ” clear by saying at once that the Idealist bus no use 
tor the English Benlists’ conception of an indescribable, 
diaphanous consciousness. On the other hand, he can make 
some use of the American Bealists’ conception of a mind 
as u selection, and theretore a fragment, out of a wider 
objective totality. Eor this is exactly what the Idealist 
calls a '‘finite mind.** But the Idealist does not stop at this 
point. For it this were the whole truth about our minds, 
we could not possibly know it. It luy mind wore nothing 
more than a selection out ot the totality ol real objects which 
compose the universe, 1 should ne\er be able to discover the 
fact, unless I were in mjiu»* way aw*are of this ver> totality 
from which I select, ot the ranges ot tact lying lieyond the 
circle ot my selection. We have, in short, to think the 
whole, in order to distinguiHli ouiselves as parts within it. 
And, in order to think the whole of which it is n part, a 
mind has, in the measure of the completeness ul its thought, 
to be the whole. It our minds aie selections nut of the 
totality of reality and, at the same time, rei'oguud 
selves as selections, then in this rerognitiou tlMJ affirm 
themselves to he the whole, focussed in fragmeiLt^ty form. 
A mind, which hiipofhest were no mure than t fragment, 
could not recognise itself as such, and tllMafore (*ould not 
distinguish itself from, nr within, iha whole. This is the 
paradox of the ” logic of Kelf-consci(gi^i(iees ” — yet it does no 
more than point out the logical H^ezus of our thought in 
this act of distinction and recognition of the self within its 
world. It is also the paradox of what Idealists of the 
m e d ian school have called the finite-infinite ” nature of 
mind, which is nothing but an attempt to formulate the 
pl^in logical situation which consists in a mind, conceived 
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aH a fragment of reality, different iaiing itself from the wholo 
reality, and yet at tlie Mime time arknowleilgiug itseli as a 
part of that reality. To do that, it must he more than 
ffnite '' : it must be a " finite form of the “ infinite.*' 
Now, whatever we may think of this paradox when thus 
baldly formulated, it is at any rate possible to point out 
some features of our universe whicli supi>ort it. These 
features are logical^ and are revealed in the transformation 
which the real, ns given, niulergiies (in the form of what we 
call judgment, inference, science, knowledge) under the 
pressure ot the demand for (*oiisistency — a demand which is 
an ideal to be achie^etl just because it expresses the inherent 
und fundamental chanicter of the real in its “true," /,e., 
logically stable, form. The whole drama ot the universe, 
M'e may say paradoxically, is thus in its core a struggle 
towards logical completeness. The fragments, from the 
friction and coutnidiction ot their isolation, strain back to 
the self-consistent comideleness ot the uhole. It is this 
movemeni or /i/awa tommh logivol which runs 

through all that we jieiveive and think. These terms, 
])erception and thouglit, stand, as we have seen, tor no Imre, 
featureless activily or coiiftsMousitess ; they stand for the 
“objeets," tor ir/ntt is jK»ri‘eive<l and thought tutfl (ue must 
non add) tor tlie ceaseless processes ot supplementation, 
combination, differentiation, inteipi'etation, “ constnudion," 
whicli transform any given elements in I he direction towards 
tt logically stable form. Take the world at the beginning 
pud ut the end of a pr(R*ess of thought, say the solar system 
ns it was conceived by primitive man, by the Ptolemaic 
astronomers, by Kopernikus, by twentieth centuiy science 
it is the in one sense thmughout, yet wluit a irans* 
formation I It is not merely that we know more about it, 
but that we have re-arrangeil it all. I wiy “we" have re* 
arranged it, but tbe nature of the facts demanded it. They 
re-nrranged themselves. In fact, however, paradoxical the 
language, it makes little difference whether we say: we 
think the world so-and-so, or: the world thinks itself so- 
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nnd-nn in us. As Spinosn would nny: ** dpus sive naturn^ 
quutenus humannm menfeni oonstituit.*’ 

Jn ronrliiHJoii, 1 will ^uiuiinirise the posiliotis which I 
have tried tu iniiintain in this paper. Tn Fart I., in addition 
to a geueral survey for the sake of orientation, I showed 
(i) that the New Healism does not, like the Old, conceive 
reality as exclimively material, Imt tends to think of it Qs 
ooui]>rising all objects of any kind which can in any- w’ay 
be experienced or appreliended : and (li) that it thus starts 
from an analysis of the cognitive relation between mind and 
reality, and that ilie antithesis ot these two terms dominates 
liealistie thought thioughout 

In Part II. I contrasted the English and the American 
Benlists* theories of the nature ot mind or consciousness, and 
showed (i) that the former tend to think of mind ns a trans- 
parent something, distinct from the object, though directed 
upon it : and (ii) that the latter identify mind with a selection 
from the totality of whnt is objectivclv real. 

In the Conclusion 1 argued (i) that, whilst the theory of 
the English Healists lias no common ground with the Ideal- 
‘ istic theory of mind, the theory ot the Americun Realists 
offers a Imsis for discussion For the identification of mind 
with the objective field of what is perceived and thought, and 
the recognition of this field as a fragment of a wider whole is 
common to both Idealism and i\janeri(*an Reolism. But 


It ithonld be noted in tbis conneetion that, for reasons both of apooa 
and of cleameiM. I refrained from touching on all those arguments of the 
N«o-]^a]istio Bchoolfi which are built up on the axiom that relotdoiu ore 
external to their temui, and that these termn are ultimately shn^e, 
unique, and unanalrsablo. All !7eo-Bealuta seem to be agreed on wis 
axiom of '* External KelationH," though some make more use of it tiian 
others The que^itiouM involved are exceedingly teohnloal and difflottlt, 
and at bottom the issue Her. between two Theories of Logie, the IdeaUstio 
Theoir on the one side, and modem developmentH of Symbolic Logic on 
the other Thus the problem of relatione is another point of conflict 
between Idealism and Neo-Beal Jam. In foot, they give battle to one 
another on a good many points, of which the problem of mind is onW 
ode, though one of the most Important It is clear that, if the nrinoi]Me 
of External Helationa were established beyond dispute, and if it were 
also established that knowledge is oorreotly oooslnied os a relation, 
then the Bealistio Theory of the independence of reoUty on its relation 
to minds which know it, would follow by a simple J^llogism. 
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(ii) 1 tried to show thut both forniH of Beulmm fail to take 
account of the one feature of reality which, for Idealiets, 
18 more tundamenfal than any other, vix., tlie lofrical Htriviuf^ 
of reality, in the form of finite minds, from its frag^entari* 
ness in this torm towards supplementation and self-comple* 
tion. Hence the true"^ nature of fact is not to be found 
except in terms of stable and logically consistent theory; 
all perceiving and thinking, wiih their progressive stages of 
intellectual inteTX)relation and construction, are but tho 
self«revelation and self-transformation of the real from more 
fragmentary and less stable to less fragmentary and more 
stable forms. The details of this viea have to be, and have 
been, worked out in systems of logic, which, guided 
throughout by the clue of self-c'onsistency or logical 
stability, trace in detail the structure of the real world of 
our knowledge. 


U 
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The Oxidising Properties op Sulphur Dioxide. 


By J A SmrTBB, Ph D , D So . and W Wauduw, B So 

t^nlphur dioxide ir m well charucierised aa a reduring 
agent and so extensively applied for purposes of reduction, 
both in the laboratory and in terhnieul operations, that its 
oxidising jiioperties have been somewhat neglected.^ It is 
sufRcient to compare the text'books of thirty years ago with 
their modem substitutes to appreciate that this aspect of the 
compound, though not quite forgotten, has been to a large 
extent overlooked. In the liteiature of the subject, however, 
many reactions are recorded in which sulphur dioxide plays 
the part of an oxidising agent, and a brief account of these 
reactions may he given before the narration oi our own 
experiments on the subject. 

CortAudion Rrarhont . — ^Many elementary substances, 
especially when finely divided and strongly heated, burn in 
the gas. Potassium, tin, iron, lead, arsenic and antimony 
are mentioned in this connexion, and to these may be added 
magnesium and calcium, which hum with extreme bril- 
liancy. The products of reactions are oxides and sulphides 
and, occasionally, sulphur is set free. 

BMuiion wUh Hydrogen lodtde . — ^Though sulphur dioxide 
reduces iodine quantitatively in dilute solution, the reverse 
action takes place in solutions of very moderate conoenjration 
(above 006 per cent, of acid). This fact, of Jundamenial 

' It nay fw cf iatatsal to aels that Mtohar dtortds^ 80^ Uke Its IsrmI 
snsisgas oasas, 00^ sxhibtts hoik exidldBg saA roiuoiagwiMslMs. 
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importance in analytical chemistry, wus first established by 
Uunsen.^ In n more (^ncentrnted state, sulphur dioxide is 
able to oxidise hydriodic iicid to iodine, being itself reduced 
to hydrogen sulphide. These reactions ure of especial 
interest as typical of many to be described later. 

Reaction ivUh Stannoui Chloride, This remarkable 
reaction, whereby the sulphides of tin are precipitated by 
sulphur dioxide, finds frequent mention in the older books 
and will be referred to in detail Inter. 

Reaction of Zivc and Sul 2 ^hiirou:t AchL — The reduction of 
sulphur dioxide solution with sine, and other metals, in 
presence of hydrogen chloride has long been known and used 
as a delicate test for the compound. An important modifica- 
tion of the reaction is that in which the metal is digested with 
sulphurous acid alone ; no hydrogen or hydrogen sulphide is 
then evolved, but a strongly reducing solution is obtained. 
This was noted by Schdnbein m 1862 and led, in 1869, to the 
discovery of hyposulphurous acid, IIaSg 04 , by Scbtltsen- 
berger. The reaction was studied in detail by llernthsen and 
Baislen,^ who first prepared and analysed the pure salts of the 
acid, and it was found later that the same acid results by 
reduction with titunous chloride.^ 

ReactiOfi With Hydrogen Sulphide , — This is one of the few 
reactions mentioncHl specifically in the text-books as showing 
the oxidising properties of sulphur dioxide. It has been 
extensively studied, especially with n view to the preparation 
of the polythionic acids/ These are regarded by Debus as 
intermediate between sulphur dioxide and hydrogen sul- 
phide, and the complete reaction between these compounds 
is expressed quantitatively by the equation : — 

2SHg + 8{),-3S+2H,0. 

* AtmaUmt 186S, IxxxvL, SOI ; also GtmnmtlU AhkmdtHngt»t vdl. ii 
P* 190i 

* Btr.^ 1900, xxxili., 125. 

* X. Kneoht and X. ffibbert. *' Now Rodaotion Mothods in Volnmolrlo 
▲nslysis,'* 1918, fk 0, 

* 8oe, In psrthniUr, H, Dobaf. Sie., 1888, lUi, 875, whm nImnoMto 
thi ssrUer litarslitfo sw glTin. 
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The influence of the solvent on this reaction has also been 
investifi^ated,^ with the result that no connexion has been 
fount! between reactivity unci the dielectric constant or 
association-factor of the solvent ; those media ivromote action 
in which the formation of an intermediate oomi)oand with 
either sulphur dioxide or hydropren sulphide is possible. 

The reactions of the organic analogues of sulphur dioxide 
and hydrogen sulphide, vis. : the sulpboxides and mercuptnna, 
liave been studied in some detail, during recent years, with 
results germane to the present subject. In fact, it was the 
recognition of the oxidising properties of the sulphoxides,^ 
first clearly^ enunciate<l by Hermann, and the proof that 
sulphur dioxide can oxidise mereuptans,^ which directed the 
attention of the authors to the oxidising properties of sulphur 
dioxide with respect to inorganic compounds. The mutual 
relations of sulphur dioxide and hydrogen sulphide and of 
their organic derivatives, the sulphoxides and mereaptans, 
may be illustrated by the three following (quantitative) 
leactions:^ 

SO,+4 0H. 0,Hp 8H-*(CH, C,H*),S,+2H,0. 

(CH, 8.0,+^ OH, 0,H. 8H-3 (CH, Cli,H,), S,+2 H,0. 

(OH, C,H,),S,0,+2 8H,-(CH, 8, + 8,e2 H,0. 

It will be noted that, in oil cases, the sulphur dioxide and 
derived sulpboxide act as oxidising agents, the hydrogen 
sulphide and derived mercaptan ns reducing agents. 

The Reductitm-Pfodufis of Svlphtr Dio^tide. When 
sulphur dioxide exercises an oxidising action it is itself 
reduced and the possible reduction-products are lower oxides 
of sulphur, of the general formula 8. Os.-m sulphur and 
hydrogen sulphide. Of these lower oxides, only one, 8sO«, 
is known and it is the anhydride, formally speaking, of 
hyposulphurous acid, though the relationship could not be 

* D. KMa. /otcnu Pk^ C%m., 1211, xv., Na 1, p. 1. 

* F. Hsmuum. Aw., IQOft, xxxvlil., 2884 ; 1906, xxxix. 3812. 

J. A. Smjtba. Aoc., 1009, xov., 349 ; 1914, ov., 643. 

B. Hobnberg. Aer., lOlO, xUiL, 220. 

* J. A amytbe imd A, Fonttr, 5oe„ 1910, xoriL, 1196« 
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provril, experimentally, hy Bernthsen and Bazlen (op. eii,). 
All tlip oxy-ncids of Hulpliur, except dithionu* acid, which is 
an oxididioa-pnMliict of MiJphiir dioxide, may be legarded as 
derived fiom these lower oxides by combination with water, 
and conespondiug to this, they are all pi'ei>ared by reduction 
of sulphuious acid or sulphites with mild reducing agents 
(sulphur, hydrogen sulphide, etc.), and, generally, two or 
more of Ihe acids are ioimed in the same reaction. 

Some exam pies of the reduction of sulphur dioxide to 
sulphur and hydrogen sulphide have already been given and 
our cxiieriinents have been chieflv directeil towaids this 
aspect ot tlie subject, the reducing agents eu)ployed being the 
lower chlorides of the metals So far as we have been able 
to <leterjiiine, only one such leatdion, that with stannous 
chloride, has been desi^nhed before, and the published 
accounts are Licking in priHusion. 

It will be obvious that oppoitiinily for reaction occurs 
with the lower chlorides, wdiirh may become oxidised, in 
presence of hydrogen chloride, to the higher chlorides, with 
simultaneous production of sulpliur or hydrogen sulphide, or, 
in favourable cases, precipitation of the metal as sulphide 
owing to secondary action. 

Xot all of tlie lower chlorides of the metals are oxidised 
in this manner. We have been unable to get any evidence of 
reaction /n the case of arsenic, antimony, lead and thallium. 
The lower chlorides of chromium and molybdenum, on the 
other hand, react with great ease, reducing the sulphur 
dioxide to hydrogen sulphide and being themselves oxidised 
to the higher chlorides. Cuprous chloride reacts to a very 
alight extent with production of sulphur and cuprous sul- 
phide, hut the precise conditions necessary for this re- 
uidion to take place are obscure and have not yet been fully 
worked out. Four cases have been studied in some detail 
and will now be described. 
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Oxidation of Mei'allic Chloridfs with Sulfiiur Dioxide. 

Utannous Chloride. — Most of the older books meution this 
reartioii, some (Mendel^ff, Miller), stating that stunnic 
sulphide, others (Udling, Watts), that stunnouB sulphide is 
preidpituted. The differenre in behaviour Inwards sulphur 
dioxide ot the ehlorides of tin, arsenic and antimony has been 
utilised in order to detect the hist two metals in presence of 
excess of tin,^ and the oxidation of stannous (diloride with 
sulphur dioxide has beeu suggested as n preliminary step in 
the sepaiution of the metals ot Group 11. in the analytical 
chu^ification.^® 

The reaction takes place with ease in warn, acid 
solution and it is evident, from the colour of the precipi- 
tate, that stannous sulphide is first formed; the colour, 
acid solution and it is evident, fiom the colour of the pre- 
cipitate^ that stannous sulphide is first formed; the colour, 
however, chanfres quickly to the >i»llow of the stannic sul- 
phide, undoubtedly mixed with sulphur. In hiKh]> acid 
solutions the sulphides are not precipitated hut hydiogen 
sulphide is evolved. This reaction can be well shown by 
adding? a crystal of sodium sulphile to a warm, strongly acid 
solution of stannous clilonde contained in a test tube; the 
hydrogen sulphide comes oif so vigorously that it may be 
burned at the mouth of the tube The etjuation lepiesenting 
the reaction is : 

SOa + fi IKM + SuCla = ;i Sn(31, + 5> + SH, 

The complexity of the reaction is uppaient from this 
equation, for the ratio of stannous to stannic salt rapidly 
diminishes as reaction proceeds and (in moderately acid 
solutions) the two salts, ns well us the su1}»hur dioxide, enter 
into competition for the hydrogen sulphide. These fuels 
suffice to account for the progressive change in colour and 
composition of tlie jirecipitate formed under favourable con- 
ditions of aridity. 

* K. Domth. ZtiU AiuU, Ckem., 1897, xxxvl., 008. 

**11.1, Onrtmsn and J. K. Maroiu. Joium* Anur. Ckem* Noc., 1014, 
xxxtL, 1101. 
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By opprdtmg in gtrongly acid solutions and passing the 
hydiogeu sulphide, which escapes secondary, reaction with 
Hulpliur dioxide in the tin solution into u solution of 
hydiogen chloride saturated with sulphur diovide, it is 
possible to stud) this leaction quantitatively The hydrogen 
sulphide and sulphur dioxide react according to the 
equation — " 

iSHj + SOj-’lS + illaO 

so that the complete eciuaiion of reaction becomes - 

J SOj + 13 nOl + 0 SiiCla = 6 SnCl* + G HaO + 3 S 

The details of the method used ate is follows \ concen- 
trated solution of stannous chloride is made iiom tin and 
hydiochloiu acid and its stiength detcimined hy moans of 
btandaid iodine solution An abqiiot poition of this is diluted 
with its own \olume of hydiochloric acid (cone ), warmed, 
and then sulphur dioxide passed tliiough foi two hours the 
issuing gases bubbling thiough two orthreeubsoiption\essels 
containing the sulphui dioxide solution Finally, the 
sulphur dioxide in the decomposition vessel is expelled b> 
csrbon dioxide, the unaltered stannous salt estimated if 
present, by titiation with standaid iodine, and the sulphui 
collected from tlie decomposition, and absorption-vessels, 
washed, diied and weighed The sulphur is afterwards 
identihed by recr'istalhsation fiom chloroform and the cletei- 
mination of its melting point The results of two experi* 
nients, in which oxidation of the stannous chloride was 
complete may be quoted - 

1 26 c c stannous c blonde solution, containing 2 89 

giums tin gave 0 850 gram sulphur 

2 25 c c stannous chloride solution, containing 2 89 

grams tin gave 0 3T1 giam sulphur 

Weight of sulphur equivalent to 2 89 giams tin, calculated 
from equation 0 389 gram 


eW 
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Titanous Chloride — The reduction of sulphurous to 
hyposulphurous acid by tilunous chloride has already been 
noted and mention though without detdils, of further 
reduction to sulphur is made in the hteiatuie^^ Our 
obserrations point to the sulphur as n secondary product of 
leaction between the hydrogen sulphide formed and the 
sulphur dioxide used in the experiment When sulphur 
dioxide IS passed into <i waim» strongly acid solution of 
titanous < blonde, hydrogen sulphide is freely 6\olyed and 
sulphur IS deposited in the solution and along the outlet 
tubes, the violet colour of tbo solution deepens, at first 
becoming almost opaque, then d iik-grey and ultimately clear 
ogam 

Ihe quautikitive stud^ of the reaction was carried out 
in a manner similar to that employed in the case of stannous 
( blonde 1 he solution oi titanous chloride was standardised 
by means of ferrous amuiouium sulph ite and permanganate 
solution, and an aliquot portion of this treated as described 
above Complete oxidation t ikes place lu about three hours 
The building-up ot the equation of reaction may be given 
here as typical of the other cases 

2 SO, + 12 HCl - 2 SH a + 4 + 0 Cl, 

12 riCl3 + 6Cl,«121iCl4 

2SH, + S0,-3 8 + 2H,0 

und the lombinutiou of these gives the following equation of 
leactiou, with which the experimental results are compared 
d SO, + 12 HCl + 121 iCl, « 12 1 iCU + 6 H,0 + 3 S 

Results 1 60 cc solution contained 0 77 gram titanium 
and gave Oil gram of sulphur 

Calculated, 8°. 0130 gram 
2 50 cc solution contained 0 80 gram titanium 
and gave 0 11 gram of sulphur 

Calculated, S»0 133 gram 

B Kneolit Ber , 1908, xxxtL, 106 

B Xiieoht sad E Hibbert New Bsdnotioo Methods in ydnmetno 
Ajudynst^’p 48. 
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Mercuroua Chlorale , — Wheu mercurous chloride is 
warmed with coucentnited hydrochloric ncid, it undergoes 
slow dcH'ouiposiitou into metrury uud mercuiic chloride and 
the solid darkens owing to the separation of the finely 
divided metal. In presence of sulphur dioxide, however, no 
darkening of the mercurous clilorido is ohserved, but sulphur 
is deposited nnd menuiric chloride posses into solution; 
hydrogen sulphide <*an not be detected in the issuing gases 
nnd the solution is free from sulphuric acid. The reaction 
is slow but proceeds to completion in time, from which it is 
evident that the reduction of mercuric chloride by sulphur 
dioxide, which occurs in dilute sliglitly-acid solution, does 
not take place m presence ot much ncid. 

The equation representing the oxidation of the mercurous 
salt by sulphur dioxide is: 

S( )a + 4 nv\ -h 4HgCl == 4 Hg(Ma + 2 U.,0 + H 
and with this the quniihtati^e data are in complete occord. 

The method used in stud 3 iug the reaction quantitatively 
is us follows: about 20 grams of mercurous chloride nnd 
100 c.c, ot concentrated hydrochloric acid are warmed by a 
small flame and u slow stream of sulphur dioxide passed 
through the liquid for 6 hours. The residue is filtered, 
washed, dried and weighed, then extracted with ehlorofonn 
in a Soxhlet tube and the sulphur recovered by evaporation 
of the chloroform and weighed. From these data, the yield 
of sulphur from the oxidation of a known weight of 
mewMirous chloride can be ostiuiuted. 

Results : 


Mprciiroiis chloride tnkeii .. 

1. 

OruBi. 

20-641 

3. 

Gnmi. 

21-316 

Mereurouh oliloride utiriinnged ... 

4-065 

6-177 

Sulphur, found 

0-526 

0-490 

Sulphur, cnleulnted 

0540 

0-510 


The reaction is facilitated hy withdrawing, at intervals, 
a portion of the solution and replacing it with fresh acid. 
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Feiroas Chloride — lliat the piesence of inmh acid 
preventH the complete leductiou of feme ( blonde sulphur 
dioxide 18 a fact knowu to anil^tical chemists, aud, lu the 
light of the ibove expel leuces, one unght mfei that the 
leverse piocess, mz , oxidation of the ferrous salt b> sulphui 
dioxide, i?vould be operati\e iii strongly acid solutions 
Experiment shows this to be the case When sulphur 
dioxide IS passed into a stioiigly acid solution of feiious 
chloride, the colour quickly changes to olive green and then 
reddish-brown tnd the liquid becomes opalescent oviing to 
the separation of sulphur, after u liille time the sulphur 
agglomerates and settles out in whitish flocks and scales and 
a taint milkiuess appears in the outlet and guard tubes 
Ihis 18 presumably due to the liberation of hydrogen 
sulphide, though this gus has uevei been detected, li 
produced, whethei directly or by secondary reiction between 
sulphur aud i^ater,^® the quintity must be extiemely small 
Ihese changes occui lu cold, but more readily in warm 
solutions 

On removing the sulphur dioxide hy heating the solution 
in a stream of carbon dioxide, the presence of ieinc salt c'ln 
be easily ascertained by the usual tests, the solution does not 
contain sulphuric acid, hence it is evident that simultan- 
eous leduction of the feme chloride does not take phee, 
and further, that the sulphui set free in the oxidation-process 
IS not oxidised by the feme cliloride, thniigb such happens 
to u large extent m hot, dilute (one per cent ) solution 

lor the detailed study of this reaction, the following 
method was used Pure electiolytic non is dissohed in puie, 
warm, concentrated hydrochloric acid, a streim of corbon 
dioxide passing ccmtinuully through the apparatus The 
vessel in which solution takes place is made entirely of glass 
and 18 connected with two guard tubes, one containing 
water, the other caustic sodi solution, these serve to absorb 

** Treadwell and Hall Quantitative Analjnu, p 484 
* J B Sandereni 8oe Abi , 1802, 770 

N Stokcfl Bull US Oeol Snney No 180, 1001 
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the excess of sulphur dioxide und hydrochloric acid, to trap 
the small amount of sulphur which passes over and to 
preserve the non solution from oxidation by excluding air 
After the iron is disMilved, connection is made with the 
sulphur dioxide siphon and the gas bubbled through for the 
requiri d tune, the vessel being heited bv *1 small flame The 
sulphur dioxide is eve ituully displited by carbon dioxide, 
the apparatus cooled in a cuiient of the sime gas, the iron 
determined bv stindanl dichromate solution, and the 
sulphur, if necessary bv filtration and direct weighing 

The experimental study of the reaction has distdosed some 
interesting features, a summary of which will now be given 

liate of Otidaiton -Comparative experiments with solu- 
tions containing one gram of iron in 50 c c of acid, the 
treatment with sulphur dioxide lasting from 1 to 7 hours, 
show that the maximum >ield of ferric iron is only about 
(} per cent of the total non present, this value is reached 
after 3 hours and oxidation is moie than halt accomplished 
during the first hour 

Limit of Oxidation — The average yield ot ferric iron in 
all the experiments is 7 per cent ot the total iron present, 
the extremes being 4 and 11 b per cent The yield is the 
same, other conditions being equal, whether the reaction 
occurs in hot solution throughout, or the saturation of the 
ferrous solution with sulphur dioxide is performed in the 
cold and the excess of the gas quuUv Ixtileil ofl, aftei keeii- 
ing a day or two, in a current ot carbon dioxide It is 
slightly increased (to the extent of one per cent ) by 
additional saturation of the liquor with hydrochloric acid 
gas Increase m the total concentration ot the iron lessens 
the lelative yield of feme salt, thus in three experiments, 
carried out under similai conditions, with solutions con- 
taining 0 99, 5 45 and 33 68 grams of iron i>ei 300 c c , the 
yields (Fe'" Fe) were respectively, b 4b, b 23 and 3 31 per 
cent Initial leaction, as indicated by the appearance of 
opalescence, occurs moie speedily in concentrated than in 
dilute solutions 
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Quantitafii>t Aspect of the Reaction — There are two 
pobHible reactionu, correspoBdmg (a) to direct leductiou oi 
the hulphur dioxide to eulphur and (h) to initial reduction 
to hydrogen sulphide, iollovted by decomposition ot this gos 
with sulphur dioxide as, however, both reactions are 
repiesented by the saiue equation — 

SOa + 4 HCl + 4 1 eCU- 4 FeCL + 2 H^t) + S 


it IS evident that the quantitative lelations, e\cu it 
susceptible oi accurate determination, would not enable one 
to decide between the two leactions In iniint of fact how- 
cvei, the limit of oxidation of the feiious salt is so eoon 
leucheil, and henie the amount oi sulphui prodticed is so 
small, relatively to the volume of Nolution that its accurate 
estimition is attended with considei ible difficult> Con- 


sidering this drawback, the lesults show a veiy fair agiee- 


ment with the calculated \alues, as may be seen fiom the 


iullowing examples 

OoooMitnaon u< terrow 
Mphittgp 

Feme iron prodnoed 
bulphnr, found 
Sulphur, culcuUtod 


1 

5 ass gnuiui of Iron 
per 100 O C 

0 683 gruoM 
0062 „ 

0 008 „ 


a 3 

4 45 ^reaeuflron 6 450 mum of iron 
perSOOOO pirlOeOC 

0 302gmm« 0340granu 

0 040 „ 0 086 „ 

0 0o6 „ 0 048 „ 


The conclusion to be drawn from these results, and from 
general observations on the reactions, is that the oxidation 
of ierroub chloride by sulphur dioxide is repiesented by 
ri art ion (a) above, it is possible, also, that the course of 
leaition {b) is followed to a vei> slight extent 

Inhibition of Oxidation by Feme Chloride — One unex- 
pected feature of these oxidation-results is the limited yield 
of feme salt, no matter how long the sulphur dioxide be 
present with the ferrous chloride under the known conditions 
of reaction, there is never more than a relatively small 
amount of ferrous salt oxidised In the numerous experi- 
ments we have made on this subject, the ooncentration of the 
ferrous iron has vaned from 0 6 to 10 0 grams per 100 o o , 
while that of the feme iron, after reaction, has not exceeded 
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0 6 f^T&m per 100 c c , hut has been as lost as 003 gram per 
100 c c Ihe fuctoi ot t biet influence in limiting the oxida- 
tion IS e\identl> not the concontiation of terrii iron but the 
ritio of feme to totil iron (1 e " Fe) ^lutb as stated above, 
is usuillv ibout 6 per ceut , but m i\ use to about twice this 
^ alue under conditions not \ et full> understood 1 hese facts 
suggest that the o\id ition of the ferrous salt is inhibited by 
the ferric snlt formed in the reaction and this inference is 
confirmed in n striking manner bv experiments witli mixed 
ferrous and feme salts An example may be quoted in 
illustration 

Tveo solutions A and B weie made up with the following 
concentiations — 

A B 

F« pet 100 O C 1 70S grams 1 786 grams 

Fe „ 0 268 „ 0 292 „ 

Ratio, Fa F« IS 56 , 14 40 per cant 

00 c c of each solution were u aimed to about (>0° C and 
treated with sulphui dioxide for lour houis In solution A, 
a veiy Hina) I amount of sulphur was deposited and subsequent 
analysis showed th it only 4 ingms of non h id lieen oxidised , 
solution B remained epnte deal, no tiaie of bulphui was 
observed and aiinUsis pioved that oxid ition hid not taken 
place at ill It is thus deal that the oxidation of the feirous 
Halt by sulphui dioxide ih inhibited when the ratio Fe'" Fe 
exceeds 14 pei cent This pcculniit^ ot the mixed salts has 
been coufiimed by several exiieiiments, though the limiting 
concentiation for inhibition, like the tuixiraum >i(]d ot 
ferric salt on oxidation, seems to depend to some extent on 
conditions (tempt lutuie, etc ) and will need fuithei investi- 
gation As in the oxidation-reactions, sulphuric acid could 
not be detected in the solutions thus treated 

It may be noted that this is not a case of a Kilanced 
reat tion detei mined by the equal vdoc itiea of two le^eisible 
inocesses, but is rather one of double inhibition, as it may be 
tenned, both the oxidiHing and leduung pioperties of the 
sulphur dioxide, with respect to ferrous and feme salts, 
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being in abeyance, the former by reason of the ferric chloride 
present, the latter because of <he liigh acid-rontent of the 
solutions. The matter is still more (*omplicute(1 if the state 
of inliibition is reached from the pure ferrous salt, for then 
sulphur is present and its oxidation by feme chloiide is also 
inhibited by the acid ; a similar remark would also apply to 
any hydrogen sulphide wliich might be formed in the 
reaction. 

(jRNEBAL ReMAUKS ON THE UeHAVIOUR OF SULCHUR DiOXIDE 

AS AN Oxidising Agent. 

The outstanding chanicterisHcs of sulphur dioxide as an 
oxidising agent, in the above examples, are the slowness with 
W’liich it reo( is and tlie dependence of the reaction upon the 
presence of a considerable amount of hydrochloric acid. 
Such features aie met with in other cases, notably in the 
reaction with the mercaptans; here, the similarity in be- 
haviour of sulphur dioxide and hydrochloric acid to thienyl 
chloride is striking, as is illustrated by the following, 
quantitative reactions: — 

SOCla + 4 R .SH = RaS, + R^S, + HaO + 2 
SOa( + Hrl) + 4 R .SH - RaSa + RaSa + 2 HaO ( + 

These facts lead one to think tliat tliionyl chloride may be 
formed by the reaction of sulphur dioxide and hydrochloric 
acid and, thus, that the oxidising properties of sulphur 
dioxide are exen-ised thrmigli the medium of thionyl 
chloride, initially produced. On this view, the usual reaction 
of decomposition of thionyl chloride by water would be 
reversible: 

SOCla + HaO = SOa + 2HCl. 

Though this leversibility has not been proved, there are 
analogical, and other, grounds for regarding it as iiossible. 

” R. Holmb«rg. Anna/ett^ 1907, ooolix., SI. 

^ J. A. Smythe sad A. Forster. 8oe.t 1910, xoviL, 1195. 
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Thus tlje Hulphoxidea anil the hiloiil acids ywld by revers 
ille lenction the dihihdPK it the conosponding organic 
sulphides and water e j 

CH,SO»( H*rH, + 2HBr<>CH,SBi,( H*CH, + H.Ot, 
(CH, Ph), SO + 2 HBr (CH, Ph), SBr, + HaO » 

1 lie only evidence of n positive n iture we ire acqu iinted 
with 18 the pioof that when thionyl illoiide reacts with 
men ipt ins at low tempt ratures (0® to — 70®C ) hydrochloric 
acid tnd sulphur hoxi le iit ciolvcd snd watci is found 
among the residu il pi od arts Now as the sulphur dioxide 
and pirt of the hvdiochloiu irid irc formed by second iry 
action of thion>l chloride on water initiallv piodnced in the 
leiction (see first mil third equations ibo\e) one may infer 
that ill four comiioundB are capible of coexistent c undei the 
conditions of the expeiiment 

Ihe suggestion that sulphur dioxide and lijdioehlone 
acid may le ict to form thionyl < blonde and that the cxidiung 
properties of the sulphur dioxide in the t ises dealt with 
above are diiectly due to the presence of this compound 
would iccount foi the favourable influence of the acid on the 
course of the oxidation for by the law of mass action, the 
equilibrium would be mart affected by met else in the con 
centration of the hydiothlorie acid than by that of aqy 
other constituent 1 rom the extreme slowness of reaction it 
would ippear tint the concentration of the thionyl chloride 
ran onlv he very small under ihe experimental conditions 
It IS hoped th it experiments at present in progress may 
throw some light on these matters 

hinally attention may be drawn to one peculiarity of 
these oxidising ind reducing reactions of sulphur dioxide 
vis that they are not reversible for in those of the former 
class the sulphur dioxide is reduced to aulphur or hydrogen 

** Th Ziaoke and W Trohntbsrg Ber 1910 zliu 8S7 

"K Fromm sad 0 Bauau Annalen I910,coob»tv 00 !• Fhmua 

Atmmhn 191S ooexom 70 

' H 8 Tasker sad H 0 Jones Soe 1000 xorl , 1010 
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sulphide, while in thuKe of the latter class, oxidation to sul- 
phuric acid takes place, and the conversion oi these sulphur 
compounds into one unotlier is not renlisable under the condi- 
tions of experiment. ITence it happens that, in some cases, 
both oxidising and reducing reactions are exothermal, as in 
the well known example with iodine and hydriodic acid : 

SO, aq + 2 H,0 flf = 2Hlaq + H, BO^ aq + 30*7 oalt. 

BO, + 0 HI 3 I. + 8H, + 2 H/) + 111*1 caU. 

The exothermal character of these reactions has been 
adduced to ‘ explain ’ them in accordance with the principle 
of maximum work.^ The calculations for the reactidns of 
the ferrous and ferric salts with sulphur dioxide show both of 
these to be exothermal too, but, whereas the reduction of 
mercuric chloride with sulphur dioxide is an exothermal pro- 
cess, the oxidation of mercurous chloride by the same agency 
is a strongly endothermul one, 25 6 calories being absorbed. 

It may be urged that the calculations are liased on thermal 
values determined for dilute, aqueous solutions and that the 
presence of the acid might therefore be a disturbing factor, 
but it seems unlikely that the deficit would he made good, 
even if allowance could be made for this. 

Ilence, it is questionable whether Berthelot’s principle 
gives any insight into these reactions, hnd whether, in their 
cnnsal interprelation, we can advance much beyond the posi- 
liuu taken up by Bunsen. They take place, to quote the 
words of Bunsen when referring to the reactions with iodine 
and hydriodic acid, ** weil der Wert der Grdssen, welche ich 
Verwandscbaftscoefficienten genannt ha be, je nach den 
Umstftnden ein verinderlicher ist.”** 


**See, tat snunpla, Buis Jshn, <'Die Onmdi&tn dsr Tbermoohinie/* 
3rd Kd., 1892, p. 137. 

^AmaUnt 1853, Ixxxvi, 961t 
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The Rate of L iBBitATrox of Hydrocyanic Acid 
FROM Commercial Kinds of Linseed. 

By K. H. CoLUNR, M.Rc.i and H. B 1 .AIH. 

When linseed is crushed iind moistened, hydrocyanic acid 
is slowly formed by the action of an enzyme on a cyano- 
^enelic glucoside. The umount of hydrocyanic acid and the 
rate at winch it is given otf, both depend on ft variety of con- 
ditioiiH Ftotb amount and rate have a bearing on the safety 
of linseed as a callle food * 

The object of the ju’esenl c*ommunication is to show some 
of the variations in the amount and late of evolution of 
bydnK’yanic acid due to variations in the place of origin of 
the seed. Under the Kssex County Council Iheio have been 
curried out several experiments to test the practical value of 
linseeds of different origin. Owing to the kindness of Mr. 
K. M. Taylor, the chemist to the East Anglian Institute of 
Agiiculture, we have been able to determine the amounts of 
hydrocyanic acid in many ot the &ee«ls giown under experi- 
mental conditions. These linseeds yielded in Essex from 10 
to 18 cwt. Hee<l per acre, and 10 to cwt. straw per acre. 
The seetls contained from 30 to 30 per cent, oil and 20 to 2*3 
per cent, albuminoids. 

The accompanying table givee the names of the districts 
from which the seed originated. In all cases the seed was 
sow'n and reape<l in Essex, and the seeds actually tested were 
the first year’s home-grown seed from crops grown with 
foreign seed. The column showing the total amount of 
hydrocyanic acid gives the amounts liberated under the con- 
ditions described in vol. iv., p. 99, during a period of 5 hours 
at 450 C. 

* See **Th« Rate of Bvolution of Hydrooyanlo Add from Lineeed under 
Dlgestlvs Conditions.” Uniif, Dnr, Phif. Soe., toI. ir. p. 99, and **The Rate 
of Iriberatioa of Hydrocyanic Acid from Linseed," Aita/yjf, 1914, p. 70. 
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Tbe coluniu sho^vinK the iHte of libeiation gives the num- 
bei of minutes necessary io liberate one half of the total 
amount of h>(1iuc>unH icid 1 he figuieu in this column 
vai> luverselv with the en/ymic activity The en/ymic 
activity may \aiy with the ainouui of en/yme present, but 
other causes will also act 

The criterion of safety for rattle feeding will be — a small 
figure in the hrat column and a large figure in tbe second 
column 


Tabu I Fxtun FtratUB Cbob vrom Forbicit Sbbd 



Orlfbiof Setd 

PMUptr 1 QOO 
088 

UtniitMt 
ev Ireombi 

3 

Mainal, North HnaaiA 

t tttl UBOQr 

70 

10 

Raval, „ 

197 

60 

16 

labsQ „ 

195 

28 

10 

Wudau 

176 

V 

0 

Stappa, Ruaaift 

160 

86 

1 

Mukonpal, South Ruaais 

170 

’16 

i 

Thaodoaia, ,, 

128 

76 

H 

Bardlatuk „ 

106 

00 

14 

Nioholuaff, „ 

106 

90 

16 

Ksupstons, „ 

173 

86 

20 

Qhamtahaak, „ 

176 

86 

1 

Koanigsliarg, Owmany 

218 

66 

7 

Kuftandji Roumania 

183 

46 

18 

Braila, „ 

115 

66 

S 

Turkay 

108 

76 

• 

Moroooo 

112 

60 

6 

Bombay 

210 

S5 

8 

Calcutta 

2S3 

40 

12 

Japan 

270 

66 


Avarago 

Icii 

66 


A study of Table 1 shows that there i« gieat variation m 
both amount and rate The seeds of Oriental origin, Cal- 
cutta, Bombay and Tapan are all high in total hydrocyanic 
acid and nob in ensymic activity On the other hand, the 
seed derived from Morocco is low both in hydrocyanio acid 
and low m ensymic activity These results are exactly in 
agreement with those obtained in former years by testing 
seed direct from foreign countries, and may therefore be 
regarded as permanent characteristics of the districts con- 
cerned 


16 
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1 ible 2 gives the ipsults obtained from Heed grown m 
foieigu pi ices as stated, togethei with somt samples of seed 
glow II in the ( ollcgt gaidcn which had been giown theie 
foi muu} >eais but 1i id oiigiii illy (ome fiom India Thtse 
lesults lie still fiutlui (ompaiul in 1 ibli { whidi shows 

TABLF II LlMftFFD FROM VARIOUS SOUROKS 


L Elity 

Hrt^roojTft io 

Min itM to 
orolro onr half 

Parti pt .1 1 QCO 

total amoni t 

Gollego garden, minimum 

120 

45 

,, maximum 

170 

00 

Iruk 

27fi 

85 

Higa 

225 

65 

Morocco 

151 

55 

Bomba} miuimum 

260 

45 

, maximum 

800 

62 

Calcutta iiiiniinum 

250 

46 

,, maximum 

880 

50 

Plati 

175 

70 

Average 

281 

61 

Tablk III — Fffbot of Homr 

Growth on hoMioK 

Likspad 

Locmlity 

Hydrw^lr 

MInntai Io 
•rniro odo half 

Porta per IQOO 

iutal auonnt 

Bombay, foreign grown 

280 

54 

,, once home giown 

210 

35 

Calcutta, foreign giown 

315 

48 

once home grown 

2« 

40 

Morooco foreign grown 

IM 

55 

„ once home grown 

112 

60 

Riga, foreign groan 

225 

65 

„ twice home grown 

168 

85 

the lesults oi glowing toieign 

seed 111 Jjngland 

It w ill be 


seen th it tin geneial lesult ot giowing linseed in England is 
to ifduce tlie tot il iinount of h\diO(>ani( add and to in- 
ciease the u ti\ity ot the en/>me Ihese lesults aie in con- 
foimitv with some pievious lesults obtained by glowing 
linseed in iHits in tbe giocnhouse, some being giown with the 
ininimiim and some w ith the maximum amount of water that 
w IS rompitible with i fiii crop In these eases the 
linseed grown with the nnniinum amount of water con- 
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tained more liydroryanir arid and showed a slower rale 
of evulutiou than did (he linseed (frown with the maximum 
amount of water. Niniilaily, linseed ffiown in the (furden 
in the dry hummer ot 1911 showed more hydrocyanic acid 
a slower rate than did the linseed (frown in the wet summer 
of 1910. 

13y co11ectin(f all the infoimation under this head and 
arranging as far ns possible n contrast between those linseed 
grown under conditions of drought and heat with those 
grown under conditions of damp and cold, the following 
results are obtained. 

The average result of i-hanging seed from dry and hot 
conditions to damp and cool conditions is to depress the 
hydrocyanic acid evolved by 20+9 per cent, and to reduce 
the half time rate by 34 ±5 per cent. 

There is no doubt that these commercial varieties of 
linseed are mixed and genetically impure. I am, however, 
in hope that 1 may be able to obtain some genetically pure 
seed and continue these investigations. Meanwhile it 
would seem that English giown seed is safer than foreign 
grown seed for the jiurposes of cattle food, but (hat before 
further experiments on the growth of linseed are car- 
ried out in England, it would be well to see that the seed 
selected for such experiment was of a variety likely to give a 
linseed low both in cyunogenetic glucosides and ensymes. 
There is not much correlation between jield of seed per acre 
and cyanogen content, but on the whole there is a tendency 
for the seeds having an origin in temperate climates to give 
the best yield per acre and to contain the least proportions of 
cyanogenetic glucosides. 
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Ox THK S keletal Stbu ctubk o f BALMmpTitRA 
Rosthata, Fabuicius. 

By I'uofl Bjcmtham, B Sc 
[Reftd May 28th, 1914.] 

Ill AuprUHt, u whole oi the Hpecies Bnlffinoptero 

rohlrato, Fuhriruis w’uh wiished ashore near the old rifle- 
run^e nt St. Mary’s Island, ll had been seen floating three 
weeks before off (Viquet Island by tJie creA^ of the “ Evadne,” 
It w’os then in an advanced state of de<‘ompohition. I never 
had an opportunity of seeing the animal in the flesh, and this 
would probably have served no useful purpose, as the flippers 
which were obtained in the flesh were uniformly yellowish- 
grey in colour due to decomposition, and neither showed any 
trace of the white-band charaetenstic of this species. A 
service bullet was found in the left flipper between the third 
and fourth phalanges. The right mandibular ramus was 
missing,' as also the two tympanic bones, the fourth right 
nb, the iielvic bones and the baleen. The last had prob- 
ably been removetl at some whaling-factory at an earlier date 
and the body had then lieen cut adiift ns commercially 
useless. The animal was purchaMMl by a flsh-snlesman nt 
Blyiih and the flesh and blubber were utilised as manure. 
The skfeleton was obtuineil by the Zoological Department 
of Aimstnmg College ami was found to be of an individual 
about 2(> feet in length. The sex of this animal was not 
ascertained, but it was very probably n female. 

Previous records of this whole have been very few on the 
Northumberland const. 

In Mennell’s paper on the Mammalia of Northumberland 
but two records are cited. 

* There is a probability that this ramus will be receired. We have 

' ■ dfocally 
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1 h Ht 1 I el >w » r ugbly 2 % ft*«t in hFight 





207 


One t iktuun the Doggei Biiik 17 iict long iml letoidid 
l)> Hunter 

Oue t (hawing of wliu li is gi^en with the chai ictenstic 
white pitch ou the flipper tluowu up ueii Craster 6th 
lehiuai\ 1858 16 ieet in length 

tine descllhe(lb^ Meek llepoit of the Northuiuheilaiid 
Se i h xshc I les Committee IW-^ 

In m\ opinion theie is i doul t ihoiit this speenneu being 
Hiluiiopteri lostriti Tt ippioxim ites mme to \ >ouug 
spKits of B boieilis ( \( ept in the coionoid pimess of the 
in imlibulai rmius whuh is (piite thict iikIhs in height i 
< h irii teiifitii of B nstiiti Iheie ne howivci i numbu 
ol (uudal \eittbi i piesei^ed ind these ill lit pieiied by 
toi'imum thiou^h then ti uis\eise piwessis ind then ceutia 
ire much shoitei inieio posteiiorl> tlian those of the speci 
men under consideiatioii Ihev weie much moie cuboid 
with their ingles Kuuded oft ind the bone though it hid 
bten much exposed was mt of the ( haiacteiistn whiteness 
shown in siiecimens ol B lostrit i ihe m indibulai i imus 
w is "ilso much uirrower liom side to side th in in the present 
spec mien *ilthough the (oronoid prut ess is ibove mentioned 
w ih typical of the species 

Iroiu whut I can iMCciiiin all the duiiacteis of this 
si>ec linen agree with those ot a smill specimen of B hoieahs 
except in the ch iracter ol the lower j iw s M luv s> stem itisls 
would place this while is in eiitiieh ntw species oi at my 
rite us a sub species 

Lastly in Noiembei an aiitenoi lumbosacnl \eiiebrii 
was brought m to the l)o>e Mnine I iboritoiv from one of 
the tnwlers It was uudoubitdK the \ertebia of a small 
whale of this species uiid was uumist ikenble owing to the 
whiteness of the bone In coiujmiison with the specimen 
m our poHseRRion this nnini il would li i\e me isured ihout 16 
feet in length 

In the course ot irticulition this while ippeated to 
piesent certain pecuhanties ol stnutuie not noticed l» 
previous authors It wis thereloie considered woith while 
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<o wjite cl slioit sliowiiig; the skeletal btiuctuie as com- 

pletely as possible, to point out ileLuls lU >\luili this whale 
iliiteied irrmi those dostiibecl by other uutbois luinei’s 
(les( nption is th il oi a whale >ei\ mm h the same size as 
this spe( linen as ilso that ot Lilljcboz^ ( )thei authors lia\e 
ibsciibeil spc( inieus which woie cle( uledly iminatnie 
luinei does not desdibe his speiniieii in \ei> ^leai detail 
noi does liilljeboi^ (^iite and Mai ilislei ftive a seiy full 
desmiition ot an immature specimen 

A\iii SK>JHo^ 

I In S/ nil (see Plate II A iiul B) — The skull was 

lou^liH tiiaii^iilai m shape tlie tiian^le beinpp isosceles with 
basal ingles of 75® 

L lie loot ot the i lUaiiuin was he at shaped w ith a i onse\ 
Inse and consisted wholly ot the iniipital elements, cim- 
slitutiiig the laigest Imne in the skull 

'1 he ipex of the he iit-sliaped supia-iw c ipital axliiulated 
with the frontal wliicli was mteicepted lietweeu tlie foinier 
and the maxillie as a meie i ompiessed rulge The surlace ol 
tlie iKCipital was laised into a jonnded eininemi' — the 
(Hcipital (lest — abose the opening ot the foiameii magnum 
and theie weie thiee large shallow depressions airaugod — 
one lie ir the apex oi the occ ipital — the othei two one on each 
side and in tiont of the oicipital i ond\les 

'Ihe cxodipitils were closely fused with the supia- 
oiiipital and leiuanis ot sutuies weie only tound as two 
noti hes King about time uuhes to the side and below the 
( ouds le'i on tbe limiting edge ot these two bones 

I In (Kupifal tond\fles were two kidney-sluped cousex 
elements closely fused along their lowei aspei t nud enclosing 
between themselves and the siipia-oci ipital an uiegulirlv 
o\nl ioiamen magnum wluih pointed somewhat upwaids, 
its slioitest width being in i line with tbe long axis ot the 
skull It iiieaHiued 3 Indies by 2J inches 

7 he hasi-ocaptfal extended torwaid along the base ot the 
skull and articulated with tbe basi-spheuoid, its lower 
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portion being exlended ouiwaids and toi wards into two 
wing-like piotesses wbu h lay dose to the lowei bolder ot 
the t^inpanus Its uppei pointed poition was luteiposed 
lielweeii tlie tw<i lowei juiits ot tlie piei> golds wliuh over- 
lapped it riieie was a well-m liked sub ns extending a< loss 
these wing-like pi(K esses and also sepaiatmg them into two 
ilenients at then outei ends 

Thi Squtnnoml was large, long, ioughI> (iiaugulai on 
its undei suiface with a large sliallow ioii(a\il> ioi tlie 
leception ol theaituulai pUM esses ot the mandibuhu lanius 
Its upper angle was tiuiuated and aituulated some disi nut 
fioiu the end h> a caitilaginous pad with the descending 
process ot the tiontal Its inner iiigh w is jnoduced into a 
hammei -shaped process — the squamous jdate the ujijiei end 
oi which titled into a c oiiespoudiiig notch in the paiietal, 
the lowei end being attached to the basi-splienoicl Inteiioily 
this picMess w IS pieiced b\ tlie ojuning ot the Jsnstuhian 
tube llie lowei exteinal ingle ot tins hone toiiiied the 
posteiioi lateial limit ol the skull Ihe iiiteiior end aiticu- 
hted b\ thin intei\emng caitilige with the lowei bolder ot 
the tiontiil, while the posteiioi was ic iiteK ixnnleil and 
toinied the posteiioi limit ot the skull on eithei side Two 
gioo\es were present at the jumtioii ot this bone with the 
uiditoiv poition ot the skull lhe> lan bac kwards and out- 
w lids, the uppei gioose c irtMiig in elongiled teuon-hke 
pKKOss ot the peiioiic On its uppei suiface the squamos*il 
iituulited with the posteiioi edge ot tlie supia-oei ipital 

Fht Ftonfal was large, solid and cMiupied i)iactuall> 
the whole oi the floor ot the temporal fossti This hone was 
mu( h conipiessed helund the in ixilln? hj two wedges tormed 
h\ (he p metals one on each side, and b\ the anteiioi portion 
ot the supra-oc tipital It was i oiitinued up between the lower 
pioc esses of the inaxillK* as a iianow wedge wliu h articulated 
with the n is<ils Towards the sides it enc losed the descending 
pi Of esses ot tlie ni ixillm and appealed onl> as a naiiow strip 
half-waj along the distance to its aiitenoi iwint As far a& 
this point it w»u* overlapped by the parietal In the temporal 
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le^iou ot the skull it i^as Lomii\e lu (uutuui but here it was 
o\eihi)l)t(l by the iniietil m) that thi'i bone touii>letel> 
fitted into it Ihe luaiu poition of the bone formed the wall 
of iht tempoial fossa and was quadinngul ir, flat on its upper 
surface and exceedingly thick and luawiive At its lowei 
outei angle it artuuluted with the spuamosal by intervening 
c irtilage Its innei antnioi angle i^as leflected baikwaids 
io loim \ Hit trnngul n plate foi the uiticulation of the 
innei lowei boidei ot the mivilli Ihe uuterioi bordei of 
this lumc was u mow and iidgt-hke and fitted into the uppei 
gioovis foimnl bv the lowei suit ue ot the uiaxilke Ihe 
iniiei edge was limited by the oMilapping iKUiefal and the 
outei edge was bioud and expiiideil at its postciioi comer 
toi aiti( ulation with the squamosal at its up|>ei for aitn illa- 
tion with the rygomatn pioeessof the maMllu Ihe internal 
eviiosed suiface was somewhat tiiangul u and was iuinished 
with a laige spout shqMd gioo\e wliuli was teiminated in 
the toiameii lot the optic nene Ihis foi mien w is foimed 
h> the apposition of two ridges eiu losing n gioove, the lowei 
iidge o\oilappiug the uppei so that the nieitus had the 
apix name of a piece of papet coiled to toim a conical bag 

77ie Pfiruiul was u luige concave hone CKcupyiug the 
most of the loot ot the temporal fossti Uehmd the apex 
oi the supra occipital it was compressed as two triungulai 
wedges oi bone which did not meet in the middle line 
Inteinall) and supeiioily it almost completely o\cilapped 
tlie flout il and articulated behind with the auteiioi edge of 
the alisphenoid on the one hand md the squamous plate on 
the otliei ilehind the tiee edge of the squamous plate a 
tiiaiigular slip of bone ran down between the formei and 
the edge of the occipital 

7 he Palatine was quadrilateral in shape, its inner edge 
stiaight and but shghth eonca\e and lying close to the 
median ridge of the \omei Its uppei edge was incurved 
tow aids the median line but convex and continued into the 
cm ve of tlie outei edge Its concave upper suilace presented 
a dee]) groo\e which fitted ovei the lower median end of the 
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maxillu. Its lower lateral edge was piodueed forwaid udo 
n hook-shaped process ond was itself lounded ia contour. 

On the lower anterior inner surface a itUNed irregular 
area was present which consisted of a number oi compressed 
laminae which interdigitated with similar hnuime on the 
under surface of the alisphenoid. 

From the outer upper corner a well-marked ridgo 
extended diagonally across the bone to the region where the 
two palatines became sharply Be|>anited enclosing a tri- 
angular space below. 

The MajrdliP were large cultriform boues and constituted 
the major portion of the anterior part of the hkull. They 
presented four surfaces and were in shape elongated, tri- 
angular, hollow, pyramids, one, the lower side of which had 
been removed The nasal surfaces of these Imnes were both 
closely approximated to the vomer and almost met in the 
middle line, exiiosing but ii small strip of tlie latter on the 
under surface. Their upper posterior edges were turned 
over so as to overlap the edges of the vomer. On the upper 
edge of the angle formed by the nasal ond facial surfaces 
there was a distinct groove extending half way along this 
bone from behind forwards. This groove served us a slot 
for the reception of a ridge on the upper inner surface of the 
premaxilla. 

The facial surface was in shape a scalene triangle, its 
inner edge being the longest and its outer the next longest 
side. It was slightly convex in contour, its shorter posterior 
etlge being produced into a long somewhat hook-shaped 
xygomntic spine, extending slightly beyond the outer 
margin of the frontals. Its longest or inner edge was con- 
tinued down as far us the frontals and formed one side of ou 
oblong nasal process lying between the nasals, frontals, and 
supra-occipital. On this surface the bone was pierced by 
five groove-like fommina on the left side and seven on the 
right. The infraorbital foramen was about three-quarters 
of an inch in diameter and was situated about five inches in 
front of the commencement of the nasal process. The 
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infeiiur pul itiiie suiince was miuli hollowed out ioi the 
itcepUon oi Ihi. buleeu nud (uubtituted the gieder iHiition 
ol the pil ite It w i8 ext iv ited b\ i 1 erge number of 
giooves ending in fuiaminu for the blood veseelb to the 
bdeen plites The temiKiro frontal suifaco or bise of the 
pyninid wis tiimgulii in outline ind (united it ith hindei 
edge into a nuiubei oi itiigularly shiped lobes uhuh 
decie iseel in 8i/e tow iids the iiuditn Inn lliis suif ue \eus 
closely uppioxLinaU d to the iiifeiioi suiiue of the fioiitil 
but o\iilnpp(d this bone with its uppei edge 

7 Premaiitlor projected elij^htly beyond the mnxillcB 
Ihiir intenoi hilves wiie tiiaugulu in section the uppei 
side being murketlly (OU'\e\ then innti and outei com lae 
In const (juence of this ihiee sh up iniiei outei initiioi edges 
wen shewn tlu outei of which htttd into tlie gicwives c f the 
mivilli the iiifeiioi with i spice between the \tniei nil 
the in i\ill I Vutciioilv this bone t ipered to i yimiwhii 
blunt point ind jMistei ic)il\ bee imt nioie flititiied and 
twisted on its own i\ib so tint the inicr iidgt which hid 
formeih lo^^ked diiectlv inw iids mm looked inw iids and 
downw lids becoming a nun iidge whicli ovcilipjed the 
literal wall ot the voniei 

rhf 1 nut w IS i Icng spout shaped bone tnpenng 
tow mis its anteiior extieniity Supeiioily it w is deeph 
channelled this channel being widest at its jiostenoi thud 
the w ills being higher md in )st widelv divnicated in tins 
legion lufericiily and it its postenoi end it w is ridged 
but bee ime less so uit iiot1> Below it w is exposed between 
the mixillse forming put ot the pihte Postencrlj the 
chiunel bicunc niiiow uid uc ommcMlited the lethmoicl 
ippni itus The bisal end of tins bone was inteiponed 

between the front il anteiioily and the upper pteiygoid 
portion of the ulisphenoid laterally 

The iVMc/i were Hnnll M>lid lieak Rhajied bones ind 
wereclopth ippioxim ited in then middle line the ipposing 
suifuoes being uniformly flat with the exception of u email 
prot6H8 projec ting ii om tlieir antei lor lower edges Posterior 



ly they tniM>re(i to ii •toiuewtiut trnncntfHl point with n 
A’^-sJiiiped notrli ou it. The unteiior HurfiiceH weie smooth, 
cuived forwunl, tind convex, the iKwterior heinK broken up 
into u number of deep himinte which fitted into the fftooves 
foinichl by the lamime of the frontal bone. The infeiior 
suT faces were (luadmiipfular in outline and foiinwl part of 
tlie roof nt the nasal chamber. Their outer surfaceH lay 
.doiififsido the flatteiied ends of the piemaxilhe. 

T/ic iriiiif uf the spheinnJ was an irregular bone jiartly 
enclosing the tyiu])anic. Its uppei end aiticuLited with the 
inner corner of the frontal nt the point where the optic 
groove began to be completely closed into a foramen. The 
lower end sent back a si|uare plate of bone almost at right 
angles to the main bo<ly. This articulated squarely with the 
end of the siiuanious plate and with the inner corner of the 
fiontnl. The iipiier surface was tleeply lainiuateil for the 
reception ot the palatine. The inner suifacc of this bone 
was continued into a ])terygoid process, a square bone which 
aiticulated inside with the lower end of the vomer by a 
number of hook*] ike projHdions forming a isiiigh suture. 
On the outer surface the bone was tice foiming a somew'hnt 
convex plate for tlie reception of the inner side of the 
tympanic. 

The two pterygoid processes did not, as Carte and Muca- 
lister state, unite below to form a hainular pixicess. The 
body of sphenoid is not described, because it was not suffiei* 
ontly exposed. 

Th/6 Ethmoid lionet consisted at their anterior end of a 
flat plate which was attached to the frontal. Along its 
middle line were two elevated ridges -the moieties of each 
bout — which enclosed a deep channel leading down into the 
nasal cavity. At tlie base of each ridge was a deep fora* 
men for the nasal nerve, formed by an ttpeurved process 
of tlie square plate which was attached to the vomer. 

The Mnndihulor Rtimmi extended some few inches 
beyond the ends of the premuxillie. On its inner surface it 
was flattened and slightly concave and on its outer was 
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sliuiply rounded On ilie laUer suiiuce it wns gioo\ed by 
a number oi cbatmelled foramina The tuiouoid process 
nas much elevated and was lour inclieb m length — a char- 
acteristic of the species 

The Hyoid coiibisted ot a body closely fused to which 
were tuu pusterioi coinua ui lei at theu fusion to the body 
than at then ends llii auteiioi notch uubieiy deep, meabur- 
ing one and a halt inches 1th two sides, foimed by styliioim 
processes weie unequ il the left being distinctly longer than 
the right Carte and Macalistei hguie this depression ns 
quite shallow Ihe stylo hyals weie aiticulated by inter- 
vening caitilage just behind the t\io piot esses toimiiig the 
notch and in this legion the bone was deeply pitted for the 
lec option oi the connecting caitilige Ihey aeie solid, 
slightly cuived bones having on then anterior distal edge 
a distinct flattened iidge which made this pait ot the element 
bioadei than the pio\imal end Both ends of this bone were 
epiphysial in character 

The fust three cei vital \eitebi.e wcie completely fused 
by their ceutiu, the third being also iused by its tiansverse 
piocesses Although fused the epiphysial plates were all 
quite distinct Theie is only one case of the fusion of the 
hist three cervicals and this has been quoted by Flower 
The commonest occuirence is to have all thiee veitebne 
free, cf (\irte and Macalistei and Lillieboig but Turuei 
quotes the fusion of the axis anil the third 

The Atfni was a qundiangulai bony iiiig measuring in 
its gieatest length one foot one and a half inches and in its 
greatest breadth eight inches It consisted in front of two 
renifoim cups meeting ot their lowei extremities Those 
cups accommodated the occipital condyles and were dmdecl 
at the top and bottom by two triangulai interstitial ossiflca- 
tions The tiansverse processes were solid and formed with 
the neural arch three elements in the shape of equilateral 
tiiaugha^ separated by the renifoim fossa The neural aich 
was pytiform internally, the broader conioimation being at 
the top of the arch below the spine, which last was low and 
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directed nlightly biickwHrdM. The opening of the channel 
for tlie Nub-fK'cipital artery was completely ringed with bone, 
and pierced tlie base of the neural iiirh in a diroetiou painllel 
to the line of the transverse pnwessea, w'hich were but 
slightly diiected backwards. 

The Au‘t» was the largest cervical vertebra having a 
breadth of one foot four inches and a total height of nine 
inches. The odontoid process did not completely till the 
lower narrower portion of the neural canal of the atlas and 
in section it was roughly triaugulur. 

The pleurapophyses and diapophyses were fused and 
sharply directed backwards, enclosing large oval foramina 
measuring two and a half by one and a half inches in 
breadth. The neural arches sloped distinctly forwanl and 
shewed anteriorly and about half way down their length 
two roughened tuberosities one on each side and situated 
asymmetrically, the left being the lower of the two. Owing 
to fusion further details of the structure of the axis could 
not be made out, hut the ssygapophysea on the outside 
surface weie painted and incompletely fused to the third 
cervical. 

The Third Cerriral was a more slender and compressed 
bone than the axis, and measured in length one foot and in 
hieadth eight inches. The diapophyses and porapophyses 
were separate at their distal ends by a space of one and a half 
inches. They partly enclosed a much larger space than 
those of the axis. The zygapophyses were one inch in 
length and oval in outline. Contrary to the statement of 
Turner the neural canal was complete above and there was a 
small tuberosity present on the right neural an‘h. 

The Fourth Cervical was the smallest of the series and 
measured ten inches by six inches. It consisted chiefly 
of centrum; and the neural canal wos incomplete above, 
the arches being distant from one another by a space of one 
eighth of an inch, and in consequence of this there was a 
complete absence of a neural spine. The diapophyses and 
pleurapophyses were separated by the distance of three inches. 
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Ihi hfth ( emcal w-is and mtusuied one foot one 

imb nloTiK: its diaimphyses llie iieui il ueh w is complete 
but the ^pme \s induced to a mere iid^e 

J he Snth m tl Sei nth (entrain Tieie luger thnn the 
fifth the se\enfh in its turn beinjr large i than the sixth 
In the se\on<h the neiinl spine w is lonj^esl and slniplj 
l>omted On the se\enth cciMcil then amis sc inel\ i tiuce 
ft paiaiH>ph\ses these being repesenled b\ i minute ncxlule 
of bone n1>oui n iiinitei of an indi long pioieding iiom thi 
lett h ind side of the low< i put of the centrum Othei uithors 
st ite tl nt this luduiient is ilu I'ys piesciit on the right h ind 
side of the Aeitebne llie cln]>oph\ses of the se\enth ueic 
long and more shaiplv cuixed elounw uds and fomaids thm 
those of the fourth ind sixth ^eitehiT nnd its josleuoi 
epiphysis u is loose iiid not tuseel to the centrum Vcioss 
its diaiKiphyses this \eitehia measuied one foot one inch 
and these pioi eases ueit longei tlni the tiansMise pioc esses 
of the hrst costal Aeittbn 

Ihe fust five (er\u ils liad their diiiiophvses diieeted 
backwimls hut not so shupH is tint oi the ixis On the 
sixth ccivicil the diipoph\ses weie sti light out llu dn 
jMiphyses of the seAentli ccmnl ueu longest lud weie 
strongh diieeted tcnA\ ud s tli it the\ c ime in cont u t with 
the ends of the pii ipophyscs of the fifth Ihe thud snd 
fourth leiMeals had then piiapoph\ses diieeted foiward 
ululo those of the fifth and sixth ^eie duected hut slightly 
forward 

( il 1 nfthtn Ihese Aeitebiic ueie ele\cn in number 
Ihe ends of ill their trinH\eise picK esses hid fleets for the 
uticuHtion of the iihs On the hrst to sixth tjie tnnsveise 
piocesses uere diieeted forwnds the hrst having i trans 
’lewe piocess with two heads Ihe piocesses of the seventh 
were directed stiuight out ind those oi the eighth to the 
eleventh slightly bickwirds 

The T nmho SaeraU — In tin first lunibo sacnl veitebrn 
the trinsverse processes were strugbt out and the widest 
diameter of Ibe iieui il can'll in tins and the succeeding was 
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in n plane pamllel to the transverse processes, which last 
pointed slightly forward in the second to the tentli. The 
piocesses of the eleventh and tweltth were again i)erpendic* 
ular to iJie axis. If twelve lumbo-stK'rals be counted the 
conditions found in this skeleton do not agree with Lillje- 
borg's description of his whale. In this spe(*imeii the ninth 
caudal vertebra is tlie last with n neural spine. Coi*te and 
Macalister state that the seventh caudal vertebin is the last 
with a neural spine, while Lilljeborg says the eighth. 
Furthermore the latter author states that the first cnudnl is 
not lidged below. If twelve lumbo-sncrnls be counted the 
first caudal is definitely ridged below, and to bring the 
description in line with that of Lilljeborg thirteen lumbo- 
sacralb must be counted and it must be taken for granted that 
the last c'audal is missing. This may have been overlooked 
as being cartilaginous wdien the skeleton was prepared. 
Turner states that in his siiecnnen there wore thirteen 
lunibo-sHcrals. On the nineteenth of the lumbo-snoro-coudal 
serieh the lateral processes were ladimentary, and there 
were slight indications ot these pi-ocesses on the twentieth. 

Carte and Macalister however state that the lateral pro- 
cesses are entirely suppressed at the nineteenth which is 
their seventh caudal. They furtlier mention the fact that 
“the articular processes or xygapophyses of nil the Iiimbo- 
sacrals vertebne articulated with eacli othej while those of 
the caudals were free.” 

In the present s|)ei*imen the xygaimphyses articulated 
with the neural spine in front on the first fourteen Inmbo- 
sacro-caudal vertebrae*. 

The foramina tn^eutioned by the last tw'o authors) on the 
dorsal aspect of the sixteenth vertebra W'ere absent at the 
origin of the transverse pro(*ease8 as also on the seventeenth. 
Foramina were present on the eighteenth and nineteenth 
lumbo-sacrocaudals, the nineteenth being the last with a 
definite transverse process. The a{>ertures in the succeeding 
vertebra* perforated (he hides of the dorsal aspect of the 
centra. 
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Caudal Verlehrfr, Tlie ten terminnl rauduln lind no 
neural cnualH, the^e hein^ merely represented by two ridges, 
the remnants of tin* neural undies. The centra were uni- 
foimly cylindrical and in shape resembled the centra of the 
previous vertebrsc, Tliey c^ould not be described as bony 
cubes (cf. Carte and Macalister). 

The Chevron Jionei. - These were seven in number, the 
second being the largest of the series They were Y-flhai>ed 
bones, the upper end of the Y articulating with corres- 
ponding ridges on the caudals They each articulated 
between two successive bones, the first being between the 
second and third caudals. They were in the following order 
of size, VIZ., 2, *3, 4, 5, 6, 7, 1. Number four was stouter 
and broader than number three, which was only superior in 
length. 

The liihjt. - (Piute I.). - The first pair were smallest in 
length, but widest at their distal extremities, having a dis- 
tinct process running baekwanls parallel to the inner edge 
of the nb, and commencing about four mchoa from that 
extremity. They did not articulate directly behind the 
lateral processes of the cross-shaped sternum but the upper 
ang' \ of their extremities articulated about the middle, 
and gradually narrowed towards their distal and proximal 
extremities. They were all mucli Rattened on their inner, 
hut were more or less convex on their outer aspects. 

The fointh and fifth were the longest, ond nil had n 
distinct capituluin and neck except the ninth, tenth, and 
eleventh. 

The fiiemvm , — (Plate I.).— This hone was represented by 
a single element corresponding to the prmstemnm of other 
mammals. In shape it was like a latin cross, hut the angles 
between the four moieties composing the cross were not 
sharply defin^ were denoted by simple curves. The 
postering and downward directed process was longest and 
represented the handle of the cross. 
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AppEWDirrL4a Rkelkton. 

The Soajiula, -The scapula was a lar^e falcate bone 
broader than long with a comparatively smooth outer surface, 
its inner surface beinK marked by three short and flat ridffes, 
which radiated from the neck just behind the coracoid 
process* Its vertebral edge was a slight curve and smooth 
about its middle portion, becoming more broken up and 
tubercular towards the limit ot the curve. Its anterior edge 
was flattened and fncetl the inner surface of the acromion. 
Two ridges were thus formed on each side of this flattened 
edge. The outer ridge denoteil the remains oi the scapular 
spine and was continuous with the iiosterior edge of the 
acromion. The inner, which limited the anterior edge 
of the scapula, was slightly incurveil and was continued 
dowuuards and along the iipjiei eilge of the i oracoid The 
lower edge was concave in contour, thicker towanls the neck 
and sharjdy tapeiing towaids the posterior legion where it 
formed with the veitebral edge the falcate appeaiaiice alcove 
described. The acromion process was sharply tinned 
upwards and formed an acute angle with the spine ot the 
scapula. It was somewhat incurved and thus concave on its 
inner aspect. The coiacoid was a smaller piocess and was 
turneil in towards the vertebra? forming an obtuse angle with 
the transverse axis of the scapula. Its lower edge arose 
direi'tly from the anteiior edge ot the glenoid cavity. 

The glenoid cavity was u shallow oval concavity, pitted, 
tuberculated, and lined with thick epiphysial encrusting 
cartilage. 

I'he Umnerus . — The humerus was a stout, short, club- 
shaped bone the head of which was smooth, hemispherical, 
and covered with encrusting cartilage. The head itself was 
too large for the glenoid cavity of the scapula and conse- 
quently did not completely fit into that depression, the major 
anterior portion being quite free. The external tuberosity 
was large and well marked. It lay anteriorly to the head 
and was separated from this by a distinct broad groove which 
was continued almost round the shaft below the head. It 

17 
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was conrHoly pitted and tuberculated over its entire surface 
and its most conspicuous projections were two in number, u 
larjfe mastoid prominence extending inwards towui*dg the 
ribs, and a small downward pointing process lying at its 
lower anterior border. The shaft was short and laterally 
compreRHCil so that it was oval in section. The surface was 
finely grooved on its inner aspect and pitted on its outer. 
The distal depression for the head of the radius was larger 
than that for the accommodation of the head of the ulna, 
its epiphyses being also much thicker and stouter. 

The Radtun and Ubui , — The radius and ulna were sub- 
equal bones approximated only at tbeir proximal and distal 
extremities, the radius being much stouter and projecting 
further into the carpal cartilage. The proximal ends of both 
these bones were fumishetl with flat plate>like epiphyses, 
which were more completely fused than those of the distal 
extremity of the liuinerus. Anteriorly and at its junction 
with the huiueruH the radius proj€H*ted away from the line of 
the anterior aspect of the former, so that its articulating 
portion represented but five-eighths of the proximal surface 
of the hone. The ulna was a more slender bone, nari'ower 
below the olecranon process thau at ils distal end, where it 
was in breudtli equal to the same end of the ulna. The upper 
articulation of this bone was partly carried out by the 
ascending anterior surface of the olecranon, which was broad 
and turned acutely downwards at its junction with the shaft. 
The posterior bonier of the olecranon process was tuber- 
culated and pitted for the reception of a large triangular 
slip of cartilage. 

Ulnar and Radial Ep?phi/srs.—(8ee Plate IV., Pigs. 1 and 
2). — At the bases of the ulna and radius in a cup-shaped de- 
jiression of these bones two epiphyses were found completely 
embedded in the cartilage. The larger of the two was that 
at^companying the radius. They were ovoid bones resembling 
large pluin-sioiies in sliape and were dee])ly pitted and tuber- 
culated over their entire surfaces, and resembled the surfaces 
of the carpalia which were embedded in the cartilage and 
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not exposed to the surface. In appearance they much 
resembled similar bones described by Flower in Physeter. 

The Carpu». - -The bones of the carpus were five in 
number and corresponded in all probability to the Irapesio- 
hcaphoid, the semilunar, and the cuneiform of the proximal 
row, and witli the trupezo-maKuum and the unciform of the 
distal row. 

All these bones weie, when the cartilage had been 
removed, cylindrical in shniie with the exception of the 
trapezo-magnum. They were smooth on both their exposed 
surfaces, but were deeply pitted and tuberculated on the 
borders surrounded by the cartilage. The measurements 
across the middle portion of the cylinder were invariably 
greater than tlie diameter ot the exposed surfaces with the 
exceptiim of the case of the trupezo-inagnum which was 
{>eg-top shape<l, its outer surface being smooth, its inner 
being a smooth truncate<l imiiit which was just visible on the 
inner or palmar side of the carpus. Of the five hones the 
seniilunar was impercepiihly the largest and presented on 
equal pulmai and outer aspect. Nexi in onler of size were 
the cuneiform, the tiaiuv.io-scaphoid, ilie unciform and the 
trapezo«magnum. All, with the exception of semilunar and 
trapezo-mngnum presenietl a smaller surface on the outer 
than on the inner surface of the carpus. The outer and 
inner surfaces of tlie trapezio-scaplioid were lievelled round 
to meet one anotlier at the anterior edge of the carpus, so 
that the bone fitted the rounded contour of the cartilage at its 
front edge, and did not project away from it . As in Ihe toothed 
whales the surrounding cartilage exlubitod grooves sur- 
rounding each hone, so that it appeared to jmssess a distinct 
pentagonal area of curtilage to itself. The greatest amount 
of cartilage was present between the ulna and radius and the 
proximal row of carimls, but a tongue-sliupeil portion of 
caiiilnge could be traced upwanls and backwards from the 
top of the insertion of the fourth digit. This was pentugon- 
nlly grooved oh in the main bulk of cartilage surrounding 
the carpalia, and represented the pisiform bone, which had 
not yet become ossified. 
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Appendiculae Skeleton. 

Tht ^mpxda. The spapula wos a large falcate bone 
broader than long with n comparatively smooth outer eurfac^e, 
its inner surface being marked by three short and flat ridges, 
which radiated from the neck just behind the coracoid 
process* Its vertebral edge was a slight curve and smooth 
about its middle iwriion, becoming more broken up and 
tubercular towards the limit of the curve. Its unleiior edge 
was flattened and faced the inner suriuce of the acromion. 
Two ridges were thus formcHl on each side of this flattened 
edge. The outer ridge denoted the remains of the scapular 
spine and wos continuous with the posterior edge of the 
acromion. The inner, which limited the anterior edge 
of the scapula, was slightly incurveil and was continued 
dowu wards and along tlie uppei edge of the comcoid. The 
lower edge was concave m contour, thicker tow’ards the neck 
and sharply tniieiing towaids the jiostenor legion wliere it 
formed with the veitebial edge the fah*ate appearance above 
described. The acromion piiM-ess was shaiply tuiiied 
upwards and foiined an acute angle with the spine ot the 
scapula. It was somewliat incurved and thus c'oncnve on its 
inner aspect. The coracoid was a siiialler pioi'css and was 
turned in towards the veitebra* forming an obtuse angle witli 
the transverse axis of the scapula. Its lowei edge arose 
directly from the anterior edge of the glenoid cavity. 

The glenoid cavity was a sbullow oval concavity, pitted, 
tuberculated, and lined with thick epiphysial encrusting 
cartilage. 

Thf Humerus . — The humerus was a stout, short, club- 
shaped bone the head of which was smooth, hemispherical, 
and covered with encrusting cartilage. The head itself w-as 
too large for the glenoid cavity of the scapula and conse- 
quently did not completely fit into that depression, the major 
anterior portion being quite free. The external tuberosity 
was large and well marked. It lay anteriorly to the bead 
and was separated from this by a distinct broad groove which 
was iiioutinued almost round the shaft below the head. It 

17 
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was coarsely pitted and tuberculated over its entii'e surface 
and its most conspicuous projections were two in number, u 
large mastoid prominence extending inwards towards the 
ribs, and a small downward pointing prot^ess lying at its 
lower anterior boixler. The shaft was short and laterally 
compi^essed so that it was oval in seed ion. The surface was 
finely grooved on its inner aspect and pitted on its outer. 
The distal depression for the head of the radius was larger 
than that for the accommodation of the head of the ulna, 
its epiphyses being also much thicker and stouter. 

The Radius avtd Ulna . — The radius and ulna were sub- 
equal bones approximated only at their proximal and distal 
extremities, the raidius being much stouter and projecting 
further into the carpal cartilage. The proximal ends of both 
these bones were furnished with fiat plate-like epiphyses, 
which were more completely fuse<l than those of the distal 
extremity of the humerus. Anteriorly and at its junction 
with the humerus the radius projecte<l away from the line of 
tlie anterior aspect of the former, so that its articulating 
portion represented hut five-eighths of the proximal surface 
of the bone. The ulna was a more slender bone, narrower 
below the olecranon process than at its distal end, where it 
was in breadtli equal to the same end of the ulna. The upper 
articulation of this bone was partly carried out by the 
ascending anterior surface of the olecranon, which was broad 
and turned acutely downwards at its junction with the shaft. 
The posterior bonier of the olecranon process was tuber- 
culated and pitted for the reception of a large triangular 
slip of cartilage. 

Ulnar and Radial Epiphyses , — (see Plate IV., Figs. 1 and 
2). — At the buses of the ulna and radius in a cup-8hai>ed de- 
jiression of these bones two epiphyses were found completely 
embedded in the cartilage. The larger of the two was that 
accompanying the nulius. They were ovoid bones resembling 
large plum-stones in shape and were deeply pitted and tuber- 
culated over their entire surfaces, and resembled the surfaces 
of the carpalia which were embedded in the cartilage and 
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not exposed to the surface. In appearance they much 
resembled similar bones described by Flower in Physeler. 

The Varpm. The bones of the carpus were five in 
number and corresponded in all probability to the trapezio- 
hcnphoid, Ihe semilunur, and the cuneiform of the proximal 
row, and with the irapezu-magnum and the unciform of the 
distal row. 

All these bones weie, when the cartilage had been 
removed, cylindrical in shaiie with the exception of the 
trapezo-magnum. They were smooth on both their exposed 
surfaces, but were deeply pitted and tuberoulaied on the 
borders surrounded by the cartilage. The measurements 
across the middle poll ion of the <‘ylinder were invariably 
greater than the diameter of the exposed surfaces with the 
exception of the case of the trapezo-mngnum which was 
j>eg-top shapcMl, its outer surface being sniooih, its inner 
being a smooth truncated i>oint which was just visible on the 
inner or palmar side of the cnipus. Of the five bones the 
semilunar was imperceptibly the largest and presented an 
equal palmar and outer n^pei^t, Next in order of size were 
the cMineifoiin, the tin]K»zio-seuphoid, the unciform and the 
trapezo-magnuiu. All, with the exception of semilunar and 
tmpezo-magnum i>resented n smaller surface on the outer 
than on tlie inner surface ot the carpus. The outer and 
inner surfaces oi the trnpezio-seaplioid were bevelled round 
to meet one another at tlie anterior eilge ot the carpus, so 
that the bone fitted the rounded contour of the cartilage at its 
front edge, and did not pioject away from it. As in the toothed 
whales the surrounding cartilage exhibited grooves sur- 
ixiunding each bone, so that it appeared to possess a distinct 
pentagonal area of cartilage to itself. The greatest amount 
of cartilage was present between the ulna and radius and the 
proximal row of oarpaiN, but a tongue-shaped portion of 
cartilage could be traced upwanls and backwnnls from the 
top of the insertion of the fouitli digit. This was pentagon- 
ally grooved as in the main bulk of cartilage surrounding 
the carpalia, and represented the pisiform bone, which had 
not yet become ossified. 
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The following die measurements of the several elements 


of the cuipus 

OaUrSoifMi 

InolM 

Palmar Sorfi 
Imbia 

Cuneiform 

1« 
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•1 

Semilunar 

1 

1| 
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It 

1 rape /10 scaphoid 
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li 

Unciform 

1 

Ilk 

Ifl 

14 

Trapeso magnum 

1 

f 

i 
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1 he digits ueic in the following oidei oi size — tl, 2, 1 4, 
and the numbei of phalanges was gieatest in digit H there 
being 5 


In 01 del lit digit 
2iid „ 
3rd „ 
4th „ 


3 phslanges 

4 M 

5 


The longest metaoerpel wss that beUmgmg to digit 3 


The followiJig IS a list of nieasuienients in inches compui-* 
mg the piesent spemnen ^ith that measuied by Lilljehorg 
from the vii inity of Bergen 

It may he m^^ntioned that a Swedish toot equals 11 69 
inches of Lughsh measurement 
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2 
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11 
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1 

9 
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1 
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1 

4 
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8 
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3 
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VMt Im 


Width of oentrnm of l«t dorwl Tortobm 6 

T^gth of lateral prooe—ea of lat doraal 

vertebra 0 

Length of oonfsnm of 11 th doi sal v^^bra 5 

W idth of oentrnm of 1 1th dorsal vertebra 
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To ProfesHoi Meek 1 am indebted foi much kindly 
ciiticism and advice The plates die from photogiaphs 
by the late Miss Jamieson 
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Bouldbbs CoMMirrsB. 

Bbpoet No. 7. Juhb, 1914. 

Reported bj Dr. Wooi^oott and 0. T. Tsbcrkaitk, B.So.~ 

Hendon Banka, near Sunderland. Threlkeld ''Granite", Volcanic 
aeriea of Borrowdale. Ejoott Hill lava. 

Sand pita, Durham. In current bedded aanda and leafy olaya. 
Voloanio aeriei of Borrowdale (numerona) , Threlkeld "Granite" , 
Oreywooke, Red granite, Quartaite; ^ndatone; Coal. 

Banka of Wear abore Durham. Volcanic oeriee of Borrowdale; 
Thelkeld “Granite"; Sandatone, Whin. 

Cleadon aand pit Chert, Brookram. 

Moraden quarry. Greywocke. 

Man Haren. Volcanic aeriea of Borrowdale. 

Reported by Dr. Sutthk — 

Coast near Howiok. In Pebble bed mating on boulder clay. 
Magneaian limestone (with foaaila). Whin; Greywocke; Chert, 
Mica aohiat, Cheriot porphyrite and andeeitc; Olivine basalt. 

Reported by Dr. Smitu and Dr. WooLacorr— < 

Fallowlees Bum, Bardon Mill. Volcanic aeriea of Boriowdale, 
Granite (BkiddawP), Thelkeld “Granite", Gabbro (Car rock 
Pell?), 

Kiugtwood Bum. Same aa in laat, with Penrith sandatone, agglom- 
erate, apotted aohist, and rarioua granitea 

Reported by 0. T. TmcHMAVir, 

Many Scandinavian boulders from Durham coast, about a mile noith 
of Caatle Eden Dene (a fuller report will appear in a aulisoquent 
number of fVoceedtnpi). 

STBiaiTomi. 


Reported by Dr. SxTm— 

30 yards aonth of Saddle rook. Dunatanburgh, on limestone. Two 
direotiona, B. and 35^ E. of 8. (sea level). Embleton quarry, on 
Whin Sill, 35*^ B. of 8. Ratclengh quarry, on Whin Bill. Three 
directions, S., 18^-20^ E ol 8., 5° E. of 8. i mile aonth of Bt. 
Onrold's Oiapel, £. of S. Height 760 feet. 

Reported by Dr. Woojjlwt and C. T. TmnoiDumt, B.So.— 

Hendon Banka, near Sunderland, on magneaian limestone, 60^ E. of 8 , 

MS level. 
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University of Durham' 
Philosophical Society 


Editobial 

The actintjr of the Philosoi^ioal Society has been veaey 
much mterrapted by the war Many members hitviia joined 
the Army and Kary and the lew who remain have had 
little tune for private work the whole of the Armstrong 
Oollege buildings were at the outbreak of war taken over 
for the let Northern General Hospital and ether colleges 
have been seriously disorganised so that it u not snipnsing 
that instead of two parts of the ProeetdMtgt each of about 
sixty pages only this short number has been published 
Nor does it at present seem possible that next sessutti will 
see any improvement though the Editorial Committee hope 
that some means may be found of preventing the complete 
cessation of the woik of the Society 
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The Estimation o f Smaijl. Quantitikb op Lihb 
ly Presence of Large QuAXTiTfEs of Maqwesia. 


By J S F Ga'^d, B Sc 
[Bead February Itth. 1016 ] 

Durin^f last session, in the rourse of a papor on Dolo- 
mites, one of our members remarked on the difficulty of 
obtaining eoneordant results m the estimation of lime 
when associated with large quantities of magnesia, and it 
occurred to me that it might be useful to put on lecord the 
method worked out and used in the laboratory with which 
I am connected At first considerable difficulty was experi- 
enced in the estimation of the lime, duplicates Tarying from 
0‘6 to li per cent ouing to the precii>itatjon of magne- 
sium oxalate, or a double culcuim magnesium oxalate 
which could not be separntiKl by three or four reprecipita- 
tions. Only after ignition, re-solntion and precipitation 
could tlie magnesia be eliminated There appears to be 
very little literature on the subject. I have found, however, 
that the oxalate method is veiy tellable when properly 
manipulated, and more so than any other methods tried. 
Among the latter I moy mention piecipitation of the lime 
by sodium tungstate; with oxalic acid in the cold (in pre- 
sence of glycerine); and as sulphate with ammonium 
bisulphate The tungstate method was the most hopeful of 
these, occasionally giving good results; it is fairly rapid, 
but suffers from the great drawback that the calcium tung- 
state usually sticks so tenaciously to the beakers as to be 
incapable of removal. 

To come to the point, the best results are obtained in the 
following manner ; — The equivalent of 5 grammes of mag- 
nesium oxide is dissolved in water, or a slight excess of 
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hydrochloric acid, about 5 grammes of ammonium chloride 
are added and then ammonia until the solution is jmt 
alkaline. 

The solution is boiled, and the silica, iron, etc., filtered 
oif ; acetic acid is then added in fair excess, and the volume 
made up to about 45Q c.c. with water. The solution is 
boiled, 50 c.c. of a cold saturated solution of ammonium 
oxalate poured in, the wliole kept at the boiling {mint for 5 
minutes, and afterwards allowed to stand for at least 20 
hours in a warm place.. 

After decanting tlte supernatant liquor through a filter, 
the precipitate, which cakes and clings to the beaker, is 
dissolved in hydrochloric acid (1 vol. acid: 1 vol. water), 
a little ammonium oxalate added, tlie calcium salt repre- 
cipitated with ammonia and acetic acid again added, the 
bulk being now kept at 200 c.c. The precipitate, on 
settling for half-un-hour, should be quite free, s.e., not 
caking or sticking to the glass; if it does so, the preci- 
pitation must he repeated. It is then filtered and treated 
in the usual way. 

By this method as little as 0 20 per cent, of CaO can be 
estimated with ease, aud duplicates only vary by 0'02 to 
O'OO per cent. The essential points are: (1) Precipitation 
in presence of acetic acid ; (2) employment of a dilute solu- 
tion, the concentration of which should not exceed one per 
cent, of magnesium oxide ; (0) allowance of ample time for 
precipitation (between 20 and 30 hours). 
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Note on thf Inffuenct of Iwcombubtible 

SUBSTANCFB ON COALf » DU8T EXPIOSIONS 

By A 6 Biatchfokd B 8o 
[Read March ith 1015 ] 

rxpennients were undertaken in develtqpment of Prof 
Bedaon a previoua work to obaerve the quenching effect of 
different Hubatanrea to find the moat efficient of theae and 
to arrive at a poamble explanation of the preventive action 
Mixturea of coal dust and quenching aubatance were fired 
at a conatant temperatuie and the table recorda the leaat 
percentage of quenching aubatance in a mixture which pre- 
venta an exploaion 
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It waa ahown that the quenching effect waa not due 
to (1) liberation of carbon dioxide from the deoompoaition 
of a quench nor to (2) the infiuence of water of crTataUiia* 
tion but waa due to (1) the prevention of a rapid nae of 
temperature of a mixture by heat abaorption anaing from 
the specific heat md thermo«chemical requirementa of the 
quench 
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The Rate of Libkhation of Hydhocyanic Acid 
FROM Ge n etically fube Linsee d. 

fi j 8 H CoLLtKS, M 8c F I C > and H Blue 
[B ead Haroh 9th, 1016 ] 

Ou a former occabion^ the authors were able to place 
befoie this Society a note on some resulth obtaine<l when com- 
mercial kinds of linseed were digested with watei at 46^ C , 
and the yield ot hydrocyanic ucid measured at intervals 
oi time On that occasion we expressed the hope that we 
might obtain results from linseeds grown under conditions 
that would represent but one variety of linseed and not the 
mixed and hybridised seed of commerce 

Our researches have been interrupted by the war but we 
are now able to report on such work as we have been able to 
finish 

Owing to the kindness of Prof Bateson we have examined 
three pure strains of linseed with the results of Table I , 
whilst with the help ot Dr J Vargas Eyre we have examined 
four other pure strains as shown in Table II 

The range of yields of bydiocyanio acid vi* — 166 to 
460 per 1,000 are similar to the lange of results previously 
referred to^ but, on the whole, are higher The range of 
velocities of reaction, that is from 47 to 83 minutes for 
yielding half the total amount, are also similar 

'Th« Bate oi Brolutioa of H^dro^saio Acid from Tiinscsd 
under Digwtive Oonditioiu, Unto Dur Phtl Soc , rol iv p 99, “The 
Bats of LibentioD of Hydrooymmo Aeid from Lmscod/' Annliftt, 1914* 
p 70, “ The Bate of Liberation of Hrdrocyanio Acid from Commcroial 
Kinds of Linseed, ' Untv Dur Phtl 8oo , toI t , p 909, and “ The feed- 
ing of Tiineoed to OalTee," Joumul of thr Hoard of AgrieuUuro, ynA uii, 
p 190 
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Up to the piesent there le no evidence ih it pure stiains 
will yield *iny result murkedly different from commercial 
kinds of aeed I he dwuif blue flower however, gives lesults 
likely to produce n linseed eapeci illy suitable for call feeding 
owing to its low cyanogen content ind to the slow rite ut 
which it tomes off 


Tablb I 
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Tablb II 
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The Form ation and D bcomp obihon o^thb 
Htdbioes of the Non-metals. 


By J. A Smttbb, Ph.B , D Sc. 

[Read February 11th, 1915.] 

One of the most fruitful subjeoiH of study in the field of 
inorganic chemistry during recent years has been that of the 
binary compounds of the metals and non-metals, especially 
the nitrides, borides, sulphides, carbides and silioides, the 
stimulus coming, very largely, from the invention of the 
electric furnace. Along with the progress of investigation 
of these compounds, the examination of their reactions, 
particularly those which lead to the formation of non- 
metallic hydrides, has claimed much attention, and the 
results so far obtained have proved of considerable scientific 
interest and practical utility. Though much yet remains to 
be accomplished, there is already a mass of scattered informa- 
tion on the subject which, when correlated, gives promise of 
connecting many, ai^rently diverse, phenomena, and may 
lead to a deeper insight into the mutual relations of these 
compounds. A connected account of the chief results thus 
far obtained and some of the conclusions which may be, 
tentatively at least, drawn from them may thus be accept- 
able at this stage. Particular attention will be directed at 
first to the chemistry of the nou-metallic hydrides, which 
are the products of the action of water or dilute acids on the 
binary metallic compounds; later, the best known and most 
important group of the last-named compounds, vis., the 
carbides, will claim special treatment. The hydrides will 
now be considered briefly in their natural groups. 
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The Halogent iorui the hydrides FH, CIH, BrH, IH; no 
other hydrides are known. Hydrogen fluoride is distin- 
guished by its molecular complexity at low temperatures (in 
the region of the boiling point, 19^), association taking 
place as illustrated by the equilibrium-equation* : 

P4H*;i4FH. 

This property, affecting the gaseous state, is apparently 
unique among the hydrides. Polymerisation in the liquid 
and solid state, presumably accompanied by change in 
molecular weight, is, however, frequently encountered 
among the hydrides of carbon, e.g., styrol, cyclopentadien.* 

The Oxggtn family form tlie hydrides OH,, SH„ SeH„ 
TeHa, all of which ore dissociated into their elements with 
rise of temperature, those of high molecular weight most 
easily. Oxygen forms an additional hydride, 0,Ha, readily 
decomposed into oxygen and water ; other hydrides have been 
postulated, e.g., 0|Hg, by Berthelot, 0«Ha by Bach, but 
their existence has been disproved by Boeyer.’ 

Hydrides of sulphur appear to be numerous ; two, besides 
hydrogen sulphide, have been isolated, vix., SgHg and S«H„^ 
and there are good grounds tor thinking that S«Hg and SaH, 
are capable of existing and possibly also SgHa and S^Hg. 
Direct decomposition of the trisulphide into the disulphide 
and sulphur, and of the disulphide into the monosulphide 
and sulphur has been proved, and it is probable that the 
higher polysulphides behave in a similar way on heating. 

The Nvttogm family form the hydrides NH„ PHg, AsHg, 
SbHa; two additional hydrides of nitrogen are known, 
hydraaine, NgHg, and hydrasoic acid, NgH (leaving out of 
account the two derivative hydrides, ammonium hydrasoate, 
NgHg, and bydrarine hydrasoate, NaHa). Phosphorus yields 
a liquid hydride, PgH«,* and several solid hydrides. One of 

' Tiuxps sad Hambr, dbc., 1680, Iv., 166. 

' Xioutein, fler., IMS, xxzv., 4160, 4166. 

' Basgw, Bv., lOM^ xzxUi., StSS. 

* Bledi sad Rdhn, Btr , 1006, xlL, 1061, 1071, 1076. 

lOeMnnsBa sad Esaadkaesht, Btr., 1800^ axiiL, 1174. 
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these has the empirical formula, PaH, but the cryowopic 
determination of its molecular weifpht provee its molecular 
iormula to be PiaH,.* The liquid hydride is decomposed 
spontaneously (in contact with hydrochloric acid or calcium 
chloride) into phosphine and this solid hydride, as expressed 
in the simplest terms by the equation : 

5P,H« = 6PH,+2PaH.» 

When the solid hydride is treated with liquid ammonia or 
heated in vacuo, it is dec'omposed into solid and gaseous 
hydrides as follows : ^ 

5P9H=-P,H» + PH,; 

still another solid hydride, PsU,, has been described as 
resulting from the thermal decomposition of PgH,, and by 
the action of acetic acid on the alkali pentaphosphides.* 

Xo definite Iiydride of arsenic other than arsine has 
been isolated, though u solid hydride, AsH, has been de- 
scribed, but its existence is doubtful. In the case of 
antimony, too, there is no evidence of hydrides other than 
stibiue, though such have lieen carefully looked for among 
the decomposition-products of that compound.* 

Boron stands, in a sense, apart from the other non-metals, 
and the recent brilliant investigations of A. Stock and his 
collaborators^* have revolutionised our ideas on the chemical 
relationships of the element. The main results of this 
work may be briefly summarised as follows: Many well 
defined hydrides have been isolated, e.g., fiaH«, I34H10, 
BaHji, (the last is somewhat uncertain with respect 
to its hydrogen-content), but no evidence has been obtained 
of the compound BH,, corresponding in composition to the 
chloride and methide and to the position of the element in 
the periodic classification. So far as the composition of 


' Sohaadi tad Book, Btr,, 1904, zzxvlL, SIA. 

' Stook, BdMober ud Linger, Btr., 1909, xliL, 98I9, 9947. 

' H sAspUl, Oompt. rmuL, 1918, dvi., 14M. 

• Stook sad Dokt, Btr., 1901, xxxiv., 8889 ; 1909, xxxv.. 9870. 
tad Gnttaiann, Btr., 1904, xxxvu., 888. 


S t o ok 


■•Steak tod MtHOMr, Bor.. 1918, xhr., 8810: Stock sad Vciodwid, 
Btr., 1911^ xlvL, 1969} Stook tadlkioso^ Btr., 1918, xhL, 
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these hydrides is concerned, there is thus a strong, and 
unexpected, resemblance between boron and carbon, recal* 
ling that which exists between other elements of low atomic 
weiglit belonging to different groups, e g., fluorine and 
oxygen ; beryllium and aluminium ; lithium and calcium. 

Besides the hydrides mentioned above, there are others, 
both liquid and solid, but less well defined, and the relations 
subsisting among all these hydrides resemble, in an 
enhanced degree, those already noted in the case of the 
hydrides of phosphorus. Thus B4H,o is decomposed spon- 
taneously into hydrogen, BaH« and solid and liquid hydrides, 
in which the mean atomic ratio of boron to hydrogen is 1 : 1‘2. 
BgH, again, though more stable than B4H,o, suffers decom- 
position when sparked, or heated, or even under the influ- 
ence of ultraviolet light, into B,oH,4 and other hydrides. 
In the words of Stock, " Ein so leichtes Uebergehen von 
Wasserstoffverbiud ungen in andere, teils niedriger, toils 
hoher molekulare, bei Zimmertemperatur, if^ eine bisher 
unbekuunte Krscheinung.'’ 

Carbon and Silicon, tlie two remaining elements to be 
considered, form the corresponding hydrides CH4, 81114 and 
CgHa, SigH,, The last of these is generated, along with the 
tetrahydride, by the action of hydrochloric acid on mag- 
nesium silicide*^ or, better, from lithium silicide; there is 
also evidence of u lower hydride, Si,H4, and of a solid 
hydride of unknown composition. Several ill-defined 
hydrides appear also to be formed by the decomposition of 
the tetrahydride. Tiie number of hydrides of carbon is 
legion, and many, too, are the methods used in their pre- 
paration ; but the only aspects of the subject which concern 
us, in this place, are the preparation of these hydrides, the 
hydrocarbons, from the carbides and their conversion into 
one another by the agency of heat. 


" Lebeu, Gmpl. rttuL, 1909, ilviiL, 49. 





TuK FoBMATIUN OV HVimOCABliUNS BKOM Cabbioks. 

The cerbidee of the metals cau be classified according to 
tlieir reactions with water and dilute acids; some are un- 
attarked, others, like calcium carbide, yield acetylene; 
aluminium carbide gives methane, and the carbides of iron, 
thorium, uranium and the cerium group yield a complex 
mixture of gaseous, liquid and, in cases, solid hydrocarbons, 
both saturated and uusaturated, belonging to the paraffin 
series. Precise details of these reactions will be given later; 
meanwhile, a point of resemblance between the carbides and 
the phosphides, borides, silieides and, possibly, the polysul* 
phides may be noted, in that the hydrides derived from many 
oi tliese compounds are characterised by great complexity of 
mixture — most marked in the case of carbon in accordance 
with the stability of the hydrocarbons. 

In seeking tor an explanation ot this phenomenon, 
several possibilities present themselves. 

1. The binaiy metallic i‘ompounds may be mixtures, 
each component yielding a corresponding hydride on re- 
action. This was the view entertained by Stock and 
Messener {op. eit.), who write, with reference to magnesium 
boride : “ Ofienbar ist das sogennante Magnesiumhorid 
erne komplisiert ausammengesetiste Substans, und seine 
Zersetzung durst Wasser und 8&uren ein hbchst verwickel- 
ter Yorgang.” Yet the proof, adduced by the authors 
themselves, of the ease of decomposition of the hydrides of 
boron, not merely at the moment of liberation, when ex- 
perience shows a general exaltation of activity, but in a 
prepared condition, renders such an explanation quite 
superfiuous. 

Against the view in general it may be urged that these 
compounds are usually crystalline and well-characterised 
(many carbides, silicidee and borides have been investigated 
crystallographicaUy), and that efforts have been made in 
individual cases to separate possible constituents of admix- 
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ture, tliough without auecesR. Thus, roferring to the car- 
bide of iron, Myliua and hia collaborators*^ say: "Die 
uhemiachc Individuulitat des Carbids wird bewiesen durch 
die Iraotionierte Ldaung der Substans welche die Zusammsn- 
setsung derselben nicht andert”; and Moissan,** led by the 
observation that cerium carbide evolves, with water, both 
acetylene and methane, just as though it were a mixture of 
two carbides like those of calcium and aluminium, fraction- 
ally decomposed the compound with water, but without 
bringing about any alteration in the composition of the 
derived gases. Furthermore, to account for the reactions 
of, say, uranium carbide, on this view, one would have to 
assume this body to be a mixture of dozens of carbides, 
some with, perliaps, twenty or thirty carbon atoms in the 
molecule; such an assumption has, clearly, nothing to 
recommend it. 

2. The metallic compounds, though of simple empiri- 
cal composition, may be molecularly complex «nd so may 
yield, on reaction, many products, some of high, others of 
low, molecular weight; just as, for example, dibenzyl, of 
the empirical formula OH, gives on chlorination such deri- 
vatives us Ct 4 HigCl 3 , CsCl„ and CaCl,, in virtue of its high 
molecular weight (the molecular formula being Ci 4 Ht 4 ) and 
the molecular disruption which accompanies exhaustive 
reaction. 

Now, on this question of the molecular complexity of 
the compounds under discussion, nothing definite can be 
stated, as methods for determining their molecular weight 
have not yet been discovered. There would, however, 
appear to be no advantage in assuming a high molecular 
weight for some carbides and not for others. Looking at 
the problem in its general aspect, the molecular simplicity 
of the solid state has often been affirmed by chemists, 
though possibly the prevalent views are to the contrary; 

** Mylins, Foerstar sad Sohotas, Btr., 18M, zziz., tMl. 

" MeisM, (kmpi, rwd., 1896, ezxIL, 187. 
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thus van t'Hofl** was led, especially by the study of the 
phenomena of solid solutions, to the conclusion “dass der 
feste Zustand nicht in hochmolekularer konstitution seine 
Ursachc hat.” Further, it ma> be noted that the effect of 
heat IS invariably to promote the dissociation of complex 
molecules, and it may thus be inferred that substances 
made in the electric furnace are likely to have low mole- 
cular weights. 

Collateral evidence on the point, from the chemical side, 
IS afforded by the action of chlorine on silu'on and the sili- 
cides. It has been shown that silicon, freed from mag- 
nesium silicide, yields only tlie tetrachloride SiCl 4 , by 
reaction with chlorine, but that higher chlorides, SigClc and 
SifCl,, are produced when the silicide is not removed;** 
moreover, that ferro-silicon, containing 60 per (‘cnt. of sili- 
con, gives good yields of these higher chlorides, and that 
the hexachloride is not reduced to the tetrachloride by 
means of silicon.** The inference to be drawn from these 
observations is that silicon is molecularly simple (mona- 
tomic) and that the silicides probably contain the groupings 
Sig and Si, ; but as silicides of corresponding empirical com- 
position have been isolated,** it may be argued that their 
empirical fonnulw are also molecular and, therefore, that 
the silicides are compounds of low molecular weight. 

3. Though the arguments so far adduced cannot be 
regarded as decisive, yet their cumulative strength is 
against the idea that the complex mixture of hydrides, 
resulting from the aqueous decomposition of many carbides 
and similar compounds, can be accounted for by the mole- 
cular complexity of these compounds, or by the supposition 
thot a mixture is masquerading as an individual. An ex- 
planation of the phenomenon, free fiom the objections 

VM t'Roff, FsWmwmm StSr tktomMtt tutd pkimbtlt»eh€ elUaiit, 
1899, toL a., 71. 

** Osttii^nn sad Bitty, Bar,, 1899, xzxiL, 1114. 

X ICurUa. Soa., 1914, ovi., 9888. 

BartoD, Uiuv. Durham PhO. Boa,, 1910, vd. UL, pwS 8, 998. 
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which can bo mined nKoinflt those, ia auggoated by the ease 
and character of the decomposition of the hydridoa of boron 
(and, in a less degree, those of phoaphorua and ailicon too). 
Stated briefly, the HUggention is that the complex hydride- 
mixture, produced in many cnsoh by the reaction of car- 
bides, borides, silicideh and phosphides with water, ia the 
result of the decompOHition of a single hydride, the unique 
gaseous product of the double decomposition, corresponding 
in composition to tiie metnilu* compound fmm which it is 
derived. It may he asked, however, whether the important 
group of the hydrides of carbon shows a behaviour similar 
to that of the other hydrides in question?' The answer is 
that spontaneous de<*omiHihitIon, such as the hydride of 
boron, B4H10, exhibits, is unknown among the hydrocar- 
bons, but the theimal decomposition of other hydrides above 
mentioned is a highly cluiiaideristic property of the 
hydrocarbons and is indeed employed in practice for the 
production of light oils from heavy oils, the operation being 
known as “cracking.** The main features of this process 
must now be considereil. 

Thr Drcompositios of Hydsocarbons. 

Almost all ontural occurrences of hydrocarbons are 
extremely complex mixtures belonging to certain well* 
known classes ol carbon compounds (pitrofiins, both satu- 
rated and unsaturated, naphthenes, etc.); similarly, 
artificial hydrocarbon-pwalucta such as arise from the 
destructive distillation of bitumen, coal, oil-shales, etc., 
are characterised by a like complexity of mixture. It is 
found, experimentally, that when any hydrocarbon is raised 
to the temperature at which it is dei'omposed, a number of 
new hydrocarbons is produced, some of lower, others of 
higher boiling point than the original— corresponding, in 
general, to less or greater molecular complexity. Many 
attempts have been made to trace the individual steps in the 
progress of these reactions. Thus the primary decomposi- 
tion by heat of butane is stated to result in the formation of 
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ethane and ethylene,*^ and normal hexane is resolved into 
amylene and methane.'” A simpler example is that of 
ethylene whieh, at 800°, yields methane and aretylene, 
aeeordinfr to the eJiuntion”® : — 

3 C,H4=2 CH 4 + 2 CA- 

The validity of this equation has, however, been railed 
into question.”' 

Now such reactions must be looked upon as ideal, and 
only, even partly, realisable by selection of special experi- 
mental conditions, which enable the primary products of 
the cracking process to be quickl) removed. In all ordinary 
cases, these products themselves suffer similar changes of 
det'omposition, and at tlie same time other reactions set in; 
unsaturated hydroctuboiis aie polymerised, and reactions 
of condensation (using the term in the sense of combination 
of two or more molecules with loss of hydrogen) and addition 
(particularly hydrogenation) take place, whereby more 
complex hydrocarbons are pioduced. For example, in the 
thermal decomposition oi acetylene, this compound is poly- 
merised to bensene; acetylene and benzene condense to 
form naphthalene, with elimination of hydrogen, and a 
reaction of addition between naphthalene and acefylene 
yields acenaphthene.”” Thus, along with the resolution of 
complex hydrocarbons into simpler ones (cracking, in the 
literal sense of the word) there proceeds the reverse synthetic 
process, and as the temperature-intervals favourable to 
many of the reactions overlap, it follows that great com- 
plexity of products is the result, and the extent to which 
control is possible is restricted to the preservation of the 
optimum-temperature (and pressure) for a particular re- 
action or, rather, set of reactions. 

" Thorps sad Yooag, Proe. Boff. dor., lt7S, xzL, 1S4. 

*• Haber, Btr., 1896, xxiz., 2891. 

• Lewss, /. Bee. Ckem. Ind., 1892, 084. 

" Bans and Oeword, Boe., 1908, xdli, 1197. 

•* a Msjw, Ber., 1919, xW.. 1609) R. Mejrar and Taaien, Btr., 1918, 
slri, 8188. 
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Several comprehensive investigations of this character 
have been carried ont in recent years ; among these may be 
cited the repetition, on u large scale, of Berthelot’s work on 
the thermal decomposition of acetylene,** and the detailed 
study of the cracking of liexune, hexamethylene, amylene 
and ethylene at various temperatures and, even in the cold, 
in presence* of a catalyst and under high pressure.** All of 
these processes yield a highly complex mixture of gaseous, 
liquid and solid hydrocarbons, both saturated and unsatu- 
rated, and hydrogen is an invariable constituent of the 
gases. One result of considerable interest, which may be 
mentioned in passing, is the proof that it is possible, by 
selection of conditions, to pi'epare from hydrocarbons like 
ethylene or amylene, liquid hydrocarbon-mixtures resem- 
bling closely the three chief types of natural rock-oils, vis., 
those from America, Baku, and Qalicia.* 

From the point of view of the present enquiry, the 
phenomena of the thermal decomposition or cracking (to 
apply the technical term to embrace both the analytic and 
synthetic reactions which take place) of hydrocarbons are of 
importance, in that they bear witness to the ease of decom- 
position of the hydrides of carbon, and the formation from 
individual hydrides of a complex mixture, some containing 
more hydrogen, others less, ‘than the original; and it is 
reasonable to associate this behaviour with the phenomena 
attending the liberation of hydrocarbons from carbides; of 
the hydrides of phosphorus, boron and silicon from their 
metallic representatives ; and with the decomposition, both 
thennal and spontaneous, of the hydrides of boron. That 
such analogies have not been entirely overlooked is evident 


* 0. Asohsn, Awwakth IMS, oeexztv., St ; Baglcr sad Bwtsls, JSr., 
ISM, xUi, 461S t Ipsttow, An*., ISll, xUv., S878j IpmswaadDawgtlawitMh, 
ibR, S987 1 IpsMsw Md Roatsls, Btr., ISIS, xm, 1748 1 ns sIssC Kaglw, 
" pis Btamb Amiohtai ftbw dit Ratstshuag dss Htt^lss," 1907. 

* Liks so BHay gee-olMBiiaal lyathosei, thoso do ao4 giva ilw ohio to tho 
t Um aatsrsl ptodoots, though tho lafonaottoa is astofallT of gioot 
kUm itady ol tho inU^ It aisy bo aotod that tho teiootioB «( 

hsarodsnoa nlxtaros from ooroidoi aad wMor lod Ifobaoa to tho fomalatloB 
This w^.kaowB thooty of tho origia of rook -oil. 
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from the words of Moissan^* who, speaking of the deoom* 
position of uranium carbide by water, says : “ 11 eat rraU 
semblable que cette decomposition oomplexe tihnt k dee 
phenomhnes de polymerisation, analogues k ceux que M. 
Berthelot a decrit dans ses recherchea sur la decomposi- 
tion P3rrogenee des oarbures d’hydrogkne.” 

The main conclusions so far arrived at may now be 
briefly summed up. It is probable that the binary metallic 
compounds, from which the hydrides of phosphorus, boron, 
carbon and silicon are derived, are, in general, individuals 
of low molecular weight, coriesponding to their empirical 
formnlce ; that the primary reactions, whereby the hydrides 
are produced from them, aie simple; and that complexity 
of products, when this arises, is the result of a series of 
reactions, exhibited by all the hydrides in a prepared state, 
but best illustrated by the thermal decomposition of the 
hydrocarbons, and which, taking place at the ordinary tem- 
perature, may by analogy be referred to as reactions of cold 
cracking.” 


Bevisw of thk HTnniDKs. 

From the facta already set forth, it is apparent that the 
hydrides fall into three classes, according to their behaviour 
on heating and the phenomena attending their formation. 
These properties appear to depend, in some degree, on the 
heats of formation of the compounds. 

1. The hydrides of the halogens, water, hydrogen 
sulphide, and methane are stable in character, but disso- 
ciate into their constituent elements on heating; all are 
exothermal except hydrogen iodide, which is feebly endo- 
thermal at moderate temperatures but becomes exothermal 
above 320^. 

2 . Hydrogen peroxide, the persulphides of hydrogen, 
hydrasoic acid and stibine represent the unstable hydrides 
which are decomposed readily, often explosively, into their 
elements or more stable hydrides. Some of these are known 

w 
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io l)e Htrouffly endothermal, e.j/., (),OHa=— 2*M; N^,H = 
“02; Sb,Ila^®= --ii4 chIh. 

H. The third rluhs iucdudes many of the hydrideg of pliot- 
phorufl, boron, silicon and the hydrocarbons other than 
methane, and the members of this class exhibit the pheno- 
menon of cold-cracking and also, in the prepared state, of 
ordinary cracking, or thermal decomposition with its accom* 
panying synthetic reactions. Only in a few cases is the heat 
of formation of those hydrides known (Ca,H 4 =— 2'7; Ca, 
Ha =—47*8 cals.)i hut it is probable that most of them are 
endothermal, corresponding to the increased proportion of 
the acidic element (compare ammonia and hydroxoic acid 
or ethylene and acetylene in this resiwt) and, in the case of 
silicon, to its position in the carbon group, rise of atomic 
weight carrying with it decrease in the affinity of the ele- 
ment for hydrogen (compare ammonia and stibine). It 
seems, indeed, that the peculiarities of this class depend first 
upon the high valence of the acidic element, which deter- 
mines the structural possibility of many compounds with 
uni-valent elements, and secondly, on the endothermal 
nature, presumably not very pronounced, of the hydrides, 
which conditions limited stability and the possibility of 
' decomposition stopping short of completeness, i.e,, resolu- 
tion into conhtituent elements. Tlie varifyus products of 
cracking may thus be lookeil uiKin as halting stages, as 
pictured by the law of successive reactions, in the degrada- 
tion of the energy of the endothermal hydrides. 

That these hydrides, at the moment of liberation, should 
spontaneously undergo decomposition similar to that pro- 
duced by heating them in the prepared state, is in harmony 
with experience relative to the activity of elements in what 
is commonly culled the nascent ” state,* and it is of interest 

** Moten, reiwf., 1806, oxziL, 878i 

** Stock ottd Wrodo, JSer., 1806, zlL, 040, 

* It Is imfortniMte t^t this tens Iim boon mod to ooonoto o oondttiop of 
Aotivity ^opondont on an Msumod dilforenof in otomio or moleonlor ooi^podl- 
tion 2 tbe onorgy-oonditiooi of an olemont in the naaoeut and ordinary, or 
prepared, atate are ao different that no aooh inferenoe oan be drawn. 
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to note that such reactions are very susceptible to change 
of condition, which would obviously lead to alteration in the 
distribution of available enei^. Thus Moissan^ found that 
ioeMK)ld water generated, by reaction with cerium carbide, 
a gas appreciably richer in acetylene, and correspondingly 
poorer in ethylene and methane, than water at the ordinary 
temperature, and that the 3rields of acetylene from this car- 
bide by treatment with water, hydrochloric acid and nitric 
acid (both acids exceedingly dilute) varied considerably, 
being 71, 66‘8 and 83 per cent, by volume. 

Again, it is found, in the preparation of acetylene from 
calcium carbide, that if the temperature be allowed to rise 
to 100°, the yield of gas is greatly diminished, a portion of 
the hydrocarbon becoming polymerised.” In each case, 
then, the effect of a slight rise of temperature on the 
materials from which acetylene is being generated, is to 
reduce the yield of that gas, that is, to promote its decom- 
position, and as, in the prepared condition, such changes 
only begin at 422° (the optimum-temperature is 640-60°; 
see Bichard Meyer, op. at.), it would seem that a trifling 
rise of temperature has much the same effect on “ nascent ” 
acetylene as a lise of some 400° has on the ready-made gas. 

It is not difficult to understand, now, why the carbides 
should show such variation in their reactions with water. 
When acetylene or some similar hydrocaibon is the primary 
product of reaction, and the energy-conditions of the en- 
vironment are favourable, this gas may be evolved as such ; 
under other conditions it may be forthwith cracked, with 
resulting formation of a complex hydrocarbon mixture, and 
it is noteworthy that, in such cases, acetylene and ethylene 
are always found among the gaseous products, and the liquid 
hydrocarbons are partly unsaturated. When, however, 
methane is the first resultant of reaction, it is preserved by 
reason of its great stability; cracking in this cose could 

* IfoiaHn, Ofmft. rmd., 1806, oxzu., 867. 

Li Ohslelier, mr le Chrbmte, p, 168. 
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result only in carbon and bydiogen. Though the presence 
of hydrogen in the goees yielded by the carbides has been 
referred either to reaction with water of the excess of 
metal’* in the compound,^ or to secondary decomposition of 
water by the lower oxide of the metal primarily formed,^ 
ond though it has usually been held that the saturated 
hydrocarbons in these gases arise by the reduction of uneatu- 
rated hydrocarbons by means of this hydrogen," yet there 
seems as much probability that both the hydrogen and the 
saturated hydrocarbons are the products of the cracking of 
the acetylene or similar compounds first formed. 

The nature of the decomposition-products of the carbides 
with water is so remarkable as to direct attention very forc- 
ibly to the carbides themselves. It may be well, therefore, 
in concluding this study of the hydrides, to deecribe the 
carbides more in detail and to see what conclusions can* be 
legitimately drawn from their reactions as to their nature 
and constitution. 


The Caxbibks. 

Our knowledge of these compounds is due, in greet 
t measure, to the researches of Hoissan carried out during 
the decade 1893-1903. They are stable, high-temperature 
compounds and are generally prepared in the electric 
furnace. A distinction may he made between the carbides 
jnoper and the ac 0 t;^lides, which are unstable compounds 
prepared in the vr^v'lMy by means of acetylene; the carbides 
of rubidium, caesium and magnesium form, perhaps, a con» 
necting link between these two classes. Not all of the 


* 1901, oxxni ., 181. It ii nol quits slssr from 

Bstihsjot-i st a tg n m t, ^ o»oow ol mstol li to bs rogaiM m frss 

oroomUnad. ltmsybsaddsd.thfttth<m^intbscMsoliaai£Moarbids. 
s^rsgoKdths mold M bs^r in omm, that tthudlTjhntiaabls 
^ ^ Msm^obtsliisd bom this 

, soonrdlng to li d ms B , 16 per ocnl of hydiosOD. 

OompL rsadL. 1806, azii, 870. 

op. I slso X. D. Ooaiq^lNU, Aout. Chtm. /ottm., 1096, 
8 m oopeoiiOly H. Ubiwui, Zs/osr UeetHqot. 
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metals are able to form carbides, some dissolving oacbon 
when molten and rejecting it on solidification. The follow- 
ing table comprises the well-investigated carbides, arranged 
in accordance with the position of the elements in the 
periodic classification. Carbides of neodymium, praesody- 
mium, samarium, ytterbium and holmium have been pre- 
pared, but these rare-earth metals find no position in the 
ordinary scheme of classification adopted here; the rtnapoei- 
tion of the carbides of rubidium, caesium and magnesium 
seems doubtful, so that these are omitted from the table. 
Where the members of a series do not form carbides, the 
series is omitted. The only carbides missing from the table 
(leaving group vm out of consideration) are those of rubi- 
dium, caesium, magnesium, scandium, ytterbium, niobium 
and tantalum ; many of these metals are of very rare occuiv 
rence and have been but slightly investigated. 
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It will be seen from this table that the metals (and the 
quasi-metals, boron and silicon) which form carbides belong 
to the two short periods (series 2 and 3), and the even series 
of the long periods. The non-existence of carbides of the 
metals belonging to the odd aeries of the long periods does 
not evidently arise from any inability of these metals to' 
combine with carbon, since they unite with the hydrocarbon 
radicals to form the urgano-metallic compounds, in which 
direct onion of metal with carbon is inevitable. It is a 
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ourions point, upon which little can as yet be said, that the 
metals of the two short series combine with carbon both as 
carbide and or^ano-metollic derivative, while of the long 
periods, only the metals of the even series form carbides 
and only the metaU of the odd series form organo-metallic 
compounds. 

With reepect to the action of water and dilute acids, 
there is evidently a rough connexion between the behaviour 
of a carbide and its position in the table All the carbides 
in brackets { } are unattuckcd hy water; those of the first 
and second groups, except beryllium carbide, yield with 
water acetylene only; beryllium and aluminium carbides 
yield pure methane; manganese carbide, a mixture of 
methane and hydrogen in equal volumes; yttrium, lan- 
thanum, cerium, and the carbides of the other rare eorths, 
also those of thorium, uranium and iron, yield a complex 
mixture of gaseous, liquid and, sometimes, solid hydro- 
carbons. The composition of the gases evolved from some 
of these is given by Hoissan as follows : — 
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More recent investigation, while not confirming these 
analytical results in detoil, has only served to emphasise 
the complexity of the gaseous mixture. Thus Damiens^^ 
states that the carbides of the cerium group yield acetylene 
and allylene as the chief products, along with small quan- 
tities of ethylene, ethane, and their homologuee, a little 
hydrogen, but no methane; while the carbides of thorium 
and uranium’^ give, as chief products, hydrogen, methane, 
ethane, propane, butane, and, in addition, ethylene and its 
homologues and some acetylene. The liquid hydrooarbon- 
produbts do not seem to have been carefully examined, but 

**lkiDisiks, Oompf, rmd,, 1911, olviL, 214, 

*■ LsbMa and nMnlsns, Oompt, rend,, 1212, olvi, 1987« 
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it is stated that tvo-thirds of the oarbon of uranium carbide 
passes into this form and the liquid boils from 70 to 200^, 
leaving a bituminous residue.** 

The carbide of iron is hardly attacked by water, in the 
absence of air, below 100^; it is, however, completely soluble 
in hydrochloric acid and the gas evolved contains 92 per 
cent, of hydrogen, the remainder being a hydrocarbon- 
mixture of the mean density of pentane.*' According to 
the more accurate determinations of Campbell,** tbe gas 
given off contains 84 ^ler cent, ot hydrogen and the remuin- 
iug lU j)er cent. conHutN ot ptiiullinM and oletines, 40 per cent, 
of the carbon in the carbide passing into the liquid products. 
Mendeleeff*^ states that tbe liquid hydrocarbons derived by 
dissolving the crude carbide (pig iron) in acid are similar 
in taste, smell and reaction to natural naphtha, and Uuhn 
and Clues identified among the unsaturated hydrocarbons, 
produced in this manner, ethylene, propylene and butylene, 
by conversion into tlieir addition compounds with bromine. 

The cxtraordinai‘y difference in behaviour exhibilwl by 
the carbides in their reaction with water and the unexpected 
complexity of the products, in many cases, have arrested 
the attention of several chemists Berthelot** has shown, 
from the thermal study of some of the reactions, that the 
composition of the gases evolved corresponds to the greatest 
loss of heat, or, in other words, that the reactions are in 
ui'cordance with the principle of maximum work. This 
result, interesting though it is, does not give any explana- 
tion why such differences should exist ; for that we require 
to know something of what, for want of a better name, we 
may call tbe constitution of the carbides. This term must 
be understood as referring rather to the existence of certain 
atomic groupings in the molecule, than of structure coiiform- 

UoisMa, Ompt, rend., KNM, ozxiL. S74. 

" MjUim, Foenter huI Sohosne, Ber., 1800, xxlx., SWI. 

** OunpbsU, ^sier. (Biem, Joum., 18M, zsill., 880. 

" ICsodeUeff, PrimifUt Ohmittry, voL L, pi. 808. 

" BertiwM, Ompt. rmL^ 1801, exxxlL, 101. 
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known hydrocarbon, Callig- Th® primary decomposition of 
this hydrocarbon might take place in tliree ways, giving 
CaH« + 3Ha’; CaH« + 4Ha, andCaHa + SHa, the roiTeaponding 
yields of hydrogen being 76, 80 and 83 per cent, by volume. 
The yield found in Campbell’s experiments is 84 per cent. : 
but this agreement is certainly accidental, as it takes no 
heed of the liquid products, nor of the jMiBsible production 
of hydrogen by the decomposition of the first-liberated 
hydrocarbon. 

Continuing this line of argument, it is evident that the 
constitution of the three similarly-composed carbides, CaCa, 
CeC^a and Tht'a, is nut the same, for the action of water 
yields oxides (or hydroxides) of different composition, via. : 
CaO, CcaOs,** ThOj. Allocating equivalent amounts of oxy- 
gen and hydrogen to the metal and carbon respectively, 
the three carbides thus appear as derivatives of the hydro- 
carbons CaHa, Calls uiid ('aH 4 ; the dccomiioeition of the last 
two would be capable of furnishing the complex mixture 
which experiment shows to be the result. Similar reasoning 
would apply in the case of uranium carbide, UaCa, which 
yields the lower, green hydiated oxide when decomposed by 
water in absence of air.*^ 

These results, sketchy and inconclusive as they neces- 
sarily are, by reason of our limited knowledge of the 
reactions of the carbides, yet indicate that, with fuller 
knowledge, substantial progress may be made in what, at 
first sight, appears on unpromising subject. The recent 
studies of the action of nitrogen on some of the carbides, 
besides being of immense importance from the point of view 
of the utilisation of atmospheric nitrogen, have also bearings 
of theoretical interest, as indicated above, and they hold out 
the promise that other reactions of the carbides will be dis- 
covered which may help to unravel the problem of the con- 
stitution of these comiiounds. 

Dsmtons, Oampt. md., 1911, otvlL, 214. 

«• Molswm, Cbmpt, rmui., 1896, oxxiL, 974. 
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THE INDUSTRIAL FIXAlTON OF NITROGEN 
A FEW OBSERVATIONS ON THE HABER PROCESS 

aEOROE W TODD MA, DBo 

* The fundamental iniporta|i|||ik of combined xutiogen in 
Bigncnltare baa been fully reco^iaed for a long time, and 
the late war brought into special prominence its impoiianse 
in munitions Nitrogen is an eesential constituent of all 
regetatioQ and the production of food depends greatly on 
its applf^ioo to the soil in forma easily assunilated by 
plants Ihe eyei increasing demand for fertilisers (the 
oonsumption roughly doubling erety ten yean) bas neoeasi* 
taied additional sources of supply luTSstigaton have 
naturslly turned their attention to the possibility of draw- 
ing npon the praotuedly unlimited sappily of atmoqihenc 
nitrogen 

One of the most interesting and most promising methods 
for the fixation of atmosphenc nitrogen is the Haber pro* 
cess In this process the synthesis of ammoma from its 
elsmenta is effected by passing a suitably p ropor t ioned mix- 
tun of nitrogen and hydrogen at high pressurse 1 00 to 200 
atmQH>herBs— over a catalyst A small pereentagU of the 

gases, depending <m the conditions of worinng, is oonveriod 
mto ammonia whioh may be removed by aboocption tn 
water w aoid or by oondonsatum at low temperature The 
procee s la oontinuous— the unoonverted gases bsing retuiAed 
into the oixoulatosy system with a further supply of the 
mixed gases Many different oatslysts effect 
hot ennh demsnds its own conditions of tsmperatnn pad 
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Tile Haber process is capable of produoini^ ammonia 
and ammonium sulphate at a low cost and the power 
requirements per unit of nitrogen fixed are much smaller 
than those of any other fixation process. The outstanding 
item in the production oosts of synthetic ammonia is hydro- 
‘gen of the requisite purity. 

The reaction taking place between the mixed gases may 
bo represented thus : — N| + 

The velocity of the forward reaction =■ ^ [Ni] [Ht]*. 

II II II backward n * • 

the brackets signifying concentrations. At equilibrium 
these velorities are equal, t.e., 

r * iT "* constant for a particular temperature 

L®«J L-“jJ 

Haber has experimentally determined this equilibrium 
sonstant at many different temperatures and concentrations. 
Defining the equilibrium constant in terms of the partial 
prassures of the gases as 


E 


P, 


SB. 




he finds that 


^1 


13200 
4-671 T 


log„K-x^?9*r- 6*184. 

T being the absolnte temperature. 


If the percentage of ammonia is small and the total 
IHmsurs is one atmosphere we may take (in a mixture 
N,+8H,) 

being in atmospheres. 

Henoe if IS is the equilibrium percentagw of ewimoni#, 
we have at one atmosphere 

. 18200 
logS'E ■■ — 4*622. 
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This exiHVMion agrees well with tha figures for one 
atmosphere in the following taMe due to Haber. 

TAau(Hsber. Z.Eleotraeh. 20.000. 1914). 


•• a 

F«r eni. HH tn •qaiUMoa vnmnsm 

1 

a 


1 

30 

uo 

8 

900 

10'3 

67*6 

80-6 

86-8 

900 

9*18 

31-8 

69-1 

69-8 

400 

0*44 

10*7 

96*1 

36-3 

000 

0*190 

3*03 

10 4 

17-6 

000 

0-049 

1-43 

4*47 

8-26 

700 

0*0923 

0-66 

2*14 

4-11 

BOO 

i 0*0117 

0-36 

1*16 

2*24 

900 

0*0009 

1 0-21 

0*68 

1*34 

1,000 

0*0044 

0*13 

0*44 

0*87 


The numbers in the above table are shown plotted in Fig. 1. 

We can see at a glance from Fig. 1 what to expect from 
a given catalyst. In the known large scale Haber plants 
iron alloys are used as catalysts. These are only active at 
high temperatures, say in the region above 600® C. Work- 
ing at a pressure of 200 atmospheres should give at best 
only 8'2 per cent, ammonia in the mixed gases. The diffi- 
^culties of working increase enormously as the pressure is 
increased. It therefore seems desiralde to look for low 
temperature catalysts. A catalyst working at 400® C. would 
, give the same yield at a pressure of only 20 atmospheres and 
the plant could be simplified and be made much safer to 
work with. One or two low temperature catalysts are known 
but apparently they become poisoned and therefore inactive 
by the most minute traces of impurities ih the mixed gases. 
Very little research however has been done in this direction. 

Now a few remarks on the recovery of the ammonia. 

The ammonia prodnced in the catalyst bomb is usually 
taken away from the mixed gases absorption. Condensa- 
tion by cooling offers some attractions. By simple calcula- 
tioDs from the saturated vapour pressure curve of liquid 
ammonia it is possible to determine what percentage of 
ammonia praeent in the mixed gases will be condensed at 
▼aiioias temperstuies and pressures. I have made these 
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oalettlatioM for four different preseares and the reenita are 
•hotm in Fige. 2 and 3. The graphs shour what amount of 
refrigeration is itecessary to yield any desired percentage 
of the total ammonia present at any of the four pressures 
taken. 

If it were posaiUe to employ a low temperature catalyst 
the merits of lemoval by condensatiou would he very much 
greater. Take an instance. Fig. 1. shows that a 400° C. 
catalyst gives a total ammonia content of nearly 16 per 
cent, at the low pressure of 60 atmospheres; and Fig. 3 
shows that nearly 90 per cent, of this ammonia would be 
condensed out at - 10° C. only. 

The reaction Na + SH, 2NHa is exothermic. For 
every grammolecule of ammonia formed at ordinary 
temperatures 12,000 calones are given out. The heat of 
formation increases with temperature. There is thus the 
possibility of making the process auto-thermic, the tempera- 
ture of the catalyst being maintained by the exothermic 
reaction. This point has not been seriously considered. 
By means of a suitably designed catalyst bomb the out- 
flowing gases could be made to heat the inflowing gases and 
the temperature of the catalyst could be maintained con- 
stant by regulating the rate of gas flow. With a low 
temperature catalyst and consequently a greater yield of 
ammonia I have no doubt that the process would be more 
than autothermic. There would he energy to spare and the 
cost of production of synthetic ammonia would be veiy 
considerably reduced. 

The figures in the text have been reproduced from 
“ Physical and Chemical Data oi Nitrogen Fixation ” 
(H.M. Rtationary Office) with the kind pennission of the 
Munitions Inventions Department. 
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EXPERIMENTS ON THE PLOW OF GAS AT LOW 
PRESSURES THROUGH CAPILIJVRY TUBES. 


UUOKUK W. TODD. M.A., D.Sa 


It was Clerk Maxwell w'ho deduced from the Kinetic 
Theory the law that within wide limite of pressure the 
viscosity of a is independent of the pressure. The law 
has been verified hy numeious experiments. When, however, 
the pressure is reduced until the mean tree path of the gas 
molecules approaches the dimensions of the measuring 
apparatus, a rapid falling off in the viscosity coeiBcient 
takes place. 

Enudsen ^'Ann. d. Phys. 28. 76. 1909) on the basis of 
the Kinetic Theory has deduced an expression for the rate 
at which gases at extremely l<»v pressures flow through tubes, 
the free path being great compared with the tube diameters. 




I9 jtUM^ A 
^atigc 


The two lows of jjas flow through tubes — at ordinary 
prewures and at extremely low prewmrea — are very different. 
Neither law expremes the fai’ta in the intermediate preaeure 
region. It should be poeeible to dednre from the Kinetic 
Theory an exprewiion for the flow to covor the whole range 
of pressure. 

The experiments deHciitiod in this paper were carried 
out with the object of finding an empirical expression for 
the flow of a gas through a tube winch would represent the 
facts for all pressures. 
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The principal part ol the apparatiu is shcyvni diagram- 
matically in Fig. 1. Yi was a glass vessel of 164 c.o. 
capacity up to the wide bore tap T. Vj was another glass 
veasel connected to a Toepler pump and a McLeod gauge. 
A capillaiy tube of hnown dimensions connected the two 
vessels. Since the smnlleM leak would render the results 
useless the connections throughout were of glass. Tap T 
having been open long enough for equilibrium, the pressure 
Pi throughout the apparatus was read on the gange. Then 
the tap was closed and the pressure in Y, reduced to a 
value A. Next communication was made for a definite 
time measured with a stop-watch, the pressure in Yj 
rising to a value B. Finally the tap was opened again and 
left open until the equilibrium pressure P was reached. 

VYe have P(Yi + Y.) ^ P,Yt + P,Y, (1) 

If the volume flowing per second from Y^ is v,, and 
the volume flowing per second into Ya is ^a, then 


Also 


so that 


or 


p-_ p' 

where I « length of capillary 
a = radina „ „ 

1 } « viscosity eoefSrient. 

■“ ( 






* = V, 


t 




Pt»B 

J 


r*-A 

Substituting from (2) gives 


t 


f dP. 

h P^rp— 

.*35 . «»* 




( 2 ) 


(3) 


( 4 ) 



ID 


But from (1) 


P(V. V.) - P.V. 


therefore 


r /•” ___ _^P«_ _ 

1 


P-A 




wkere 


A ■■ initial preasure 
B » pressure after time t 
P •• final preuure 

_ Pi “■ P IT 1 T» :_:i 


i-A 


in vessel Vj 


Since Vj =» p-_ ^ Vi, vrhere Pi is initial pressure in Vi, we 
may write equation (6) : — 

, 8/i,ViP,-P 

((P- A) P(P.-A)-B(P, + A-2P)i ... 
i (T^ P(P. - A) ^(Fr+ A'-1JF) } • • 

whence we ^ ij from the experimental data. 

The volume V, was constant throughout the experiments 
and equal to 164 c.c. In most of the experiments Vj was 
idightly less than Y, and vaiied with the hei^t ol the 
barometer since it was in communication with the Toepler 
pump. 

Tlie mean pressure during a flow can be shown to be 

KP. + A)-JiP.-<i(A-B) + B} 
where « - WV, - (P, - P)/(P - A). 

Xo account woe taken of temperature variations, all 
experiments being carried out at room temperature. 

The results are given in the fallowing tables 



11 


Ani 

Lngth Q< tabesMfS 6S om Baduu of boms= 0 0186 om 
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Iiongth of tiiboss3'7S om. Badiot of bon s=c 0*0101 em. 


Pi cn. 

Aom 

B cm 

Pcm 

(see 

Mmii 

PXWB. 

V 

0400 

0*036 

0*086 

0*221 

600 

0*210 

0*0000740 

0*221 

0*033 

0*068 

0 130 

900 

0*128 

0*0000504 

0*130 

0*010 

0*040 

0*072 

1»200 

0*071 

0*0000287 

0 076 

0*0165 

0*030 

0*046 

1,800 

0*045 

0*0000236 

0*046 

0*0070 

0*0160 

0*027 

1,H60 

0,027 

0-0000112 

0*0270 

0*0024 1 

0*0076 

i 

0*0145 

1,800 

0*014 

0*0000081 


liength of tubo = 60‘2 om. Aftdiui of bora = 0*0417 om. 


Pi cm A om I B om { P om 
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The neeultB in th.e above tablen are shown graphically 
in Figa. 2 and 3. Examination of the curves for air (Fig 
2) shows that the viscosity of air flowing along a tube of 
circular cross-section ia a function of the product of mean 
pressure into the diameter, t.»., if me ^(pd). 

Evidence for this is given in the following table which 
has been taken from the curves in Fig. 2. 



An. 


qxio* 

fd X i(H for tobeg of dluiMtor.* | 

*8130 OM 

man 

0134 fln 

OMIcm 

nmorn. 

5e 

6 

m 

■H 

■I 

8 

4 

13 




18 

6 

S3 

87 


28 

30 

9 

43 

43 


43 

47 

10 

68 

64 

B^l 

67 

70 

IS 

103 

100 




14 

160 

100 

■m 
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Thus Uie relatioa between viscotniy mean piesBure ind 
tnbe diameter can be represented by one oontinnoub curve 
For air tbe curve u shown in fig* 4 

As to the form of the function 4 m the equation 17^ » (jpd) 
the curve in Fig 4 suggests the relation (1 — s *1^) 

irhere 17. is the vHteosity at high pressures and is a 
constant This equation only roughly fits the curve It 
can be made to fit more exactly by adding terms to the 
exponent ol e At high pressures the expression becomes 
17^ « V* while ft very low pressures it becomes 
Let ua compare this with Knudsen s formula 
h or extremely low pressures Knudsen gives foi the flow 
along tubes the expression 

- w*” ^ V1 1" 


where P is in dynes P is alsolntely temp M is molecular 
weight of the gaa d is the tube diameter and I is the 
length of the tube It fdlows that 


V, 


it 

Pt-B 


therefore 


T 

Pi A 


.«y(P -P.) 


I < 


where t m conet 


V V *v r t 

which IS the same as / p ,rip~ 


whence 


TTvr*®* 

vtl V V P — A 

Now equation (6) is t - y log, p g 

(when Vi and V| are equal P is mean pressure) 

Since at ^ry low pressure P "^(^7 write 

. ^ hi V,V| I P — A 


whioh agrees with Enndsen s ezpressson if e ■■ 


1 % 
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THE INFLUENCE OF ELECTRIC POTENTIAL UPON 
THE VELOCITY OF FERMENTATION. 

Bt H. C. POTTEB. So.D., H.A. 
lUead Util March, 1016.] 

In a previous paper^ it has been shown that a rise 
of potential amounting to as much as ‘3 to *6 volt is pro- 
duced by yeast when growing in an ordinary fermentable 
liquid, and a correspondng E.M.F. is developed during 
the decomposition of organic matter by bacteria. One of 
the problems suggested during this investigation was the 
possible influence of this rise of potential upon the 
velocity of the reaction. Would fermentation or putre- 
faction proceed more lapidly, or the reverse, if the nutrient 
media were connected with the earth and thus maintained 
at zero potential, or would the velocity of these reactions 
be accelerated or retarded when they take place in 
insulateil flasks P In other words would the vital activity 
of an oiganism be aflected by the variations of the 
, potential level of the medium in which it is living, in a 
manner corresponding to such stimuli as light or tempera- 
true? 

An investigation to decide this point has been carried 
out by a nomparisou of the rate of fermentation of ^ucose 
by yeast in a flask carefully insulated or raised to a 
deflnite potential, with that in a flask in which the 
glucose was earthed. It will be understood that two 
similar flasks were employed, each containing (he same 
amount of the fermenting media and the same quantity of 
yeast, and that both were maintained under precisely 
similar external conditions; and it will be observed that 
only a differential result between the two flasks is required. 

'Proceedings of the UniTersity of Durham Philosophical Bode^, 
Tol iii„ 19lD. 
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The problem of • estimating the velocity of alcoholic 
fermentation has engaged the attention of many inveetiga- 
torS) and vanons methods have been devised to measure 
this velocity. The method chiefly relied upon in this 
research has been the evolution of the COat and the 
methods indicating the rise of temperature and the rate 
of the disappearance of the sugar have also been employed 
for the purpose of conflrmatory tests. 

The Evolution of CO*. 

In estimating the velocity of fermentation hy the 
amount of COa produ<'ed in a given time, a modification oi 
Slator's* method was adopted in the present investiga- 
tion. In Slator^s method the fermenting sugar is con- 
tained in a flask maintained at a constant temperature by 
means of a theraostat ; from the flask an india rubber tube 
leads to a manometer. The velocity of fermentation is 
then measured by the amount of COg evolved during a 
given time, as evidenced by the pressure registeied by the 
manometer Before each reading is taken, the ferment- 
ing liquor is vigorously shaken by the hand, to liberate 
the entangled bubbles of gas. 

In this research the apparatus was specially designed to 
avoid shaking by the hand. As the velocity of the fermen- 
tation is being measured bv the COq geneiuted, and the 
determination of pressure is involved, it is exceedingly 
important that all parts of the apparatus employed should 
be maintained at a constant temperature. A Hearson’a 
incubator a;as employed, working at a temperature of 23°C, 
Inside the incubator a wooden frame was fitted, the top 
bar carrying an iron rod from which the two flasks contain- 
ing the fermenting liquid could be suspended. The iron 
rod was sufficiently long to project throngh a detachable 
wooden doot, fitted to the incubator, and to this end a crank 
uas fastened. This crank was loiued by means of a con- 
necting rod to a ciank driven by an electric motor. 

In this way the fermenting liquid oould be evenly and 
vigorously shaken, while being maintained at a constant 

* Joarsal of iho Ckomicsl Bodoty, toI. Insix.. 1906. 

« 
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temperature ineide the incubator, and the risk of error in 
the manometer readings through handling the flasks was 
thus avoided. 

The mouth of the flasks containing the fermenting 
liquid was closed by a rubber stopper perforated by two 
holes, one for the introduction of an electrode and the 
other for the insertion of a glass tube. The electrode was 
formed of a short length of platinum wire soldered to a 
copper wire and fused into a glass tube as described in a 
previous paper.* The glass tube was connected by a thick- 
walled rubber tube, passing through a perforation in the 
detachable door, to the manometer; the manometer being 
attached to the outside of the detachable door of the 
incubator. The whole of the apparatus could be readily 
removed and replaced in the incubator. 

It will be clear from the above description that up to 
this stage the conditions are the ssune for the two flasks. 
It now remains to show how one could be insulated, while 
the other could be earthed or raised to a definite potential. 
For the purpose of insulation, ebonite plates were fitted 
round the necks ot one of the flasks before it was clamped 
in position, and in the length of rubber tubing connecting 
this flask to the manometer a short length of ebonite tube 
sras inserted. To test the insulation an electrode from this 
flask was connected to a gold leaf electroscope. Hie 
electroscope was found to remain charged for some hours, 
showing that the leakage of electricity could be neglected. 

To raise the othei flask to a definite potential or to 
connect it to eaith, a short glass tube sufficiently long to pass 
through the detachable door of the incubator was firmly 
fixed to the wooden frame. Through the centre of this 
glass tube a copper wire was fixed by means of paraffin. 
The end of the wire projecting into the interior of the 
incubator was attached by means of a coiled brass wire to 
the electrode of the flask while the exterior end oonld be 
ocmnected to a battery or to earth. 

The general method of procedure was to set up the 
wooden frame and flasks, and to place it, togsfther with a 

' Pioejedlags of tko Boysl Soeistjr B., vd. Ixxxir., Ull. 
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flaik contaming the glucose solution, inside the incubator 
for a STifficient length of time to allow the whole 
apparatus to assume the temperature of the incubator. 
When starting the expenment a weighed amount 
of commercial yeast was added to a definite quantity 
of the glucose solution and stirred until the yeast* 
cells were all separated from each other. By means of a 
pipette an equal quantity of this yeast-glucose was placed 
in each flask, and also an equal quantity of glucose solu- 
tion. Generally the proportion for the yeast-glucose was 
10 grams of yeast in one 100 c.c. of a 10 per cent, glucose 
solution. As quickly as possible the necessary conneo- 
tions were then made, the motor and crank connection set 
in motion and the flasks shaken within the incubator. 

The rubber tubes from the flasks were connected srith 
the manometers by means of a three-way tap, so that the 
pressure could be reduced to that of the atmosphere alter 
each reading. 

As a typical example of several experiments 180 c.c. of 
a 10 per cent, solution of glucose was placed in each flask, 
and to this was added 20 c.c. of the same solution contain- 
ing 20 grams of yeast. Thus each flask contained 200 o.o. 
of a 10 per cent, solution of glucose, together with 20 
grams of yeast. 

In Table I. is given the readings from a typical experi- 
ment. Column A gives the times at which the readings 
were taken, namely every five minutes during two and a 
quarter hours. Column B gives the pressure developed in 
centimetres of mercury during each five minutes. It is 
seen that during the first ten minutes the pressure is 
higher than during the succeeding intervals, but that after 
that time the pressure developed during the succeeding 
intervals is uniform within the limits of experimental 
error. Column 0 gives the pressures (1) when the flask was 
earthed; these agree with the ccrresponding readings in 
column B, except that the lest readings are one millimefn 
below those in column B, (2) when the fermenting liqtfid 
was raised to 210 volts positive; the readings are throughout 
one milimetre less than the corresponding readings in 
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oolumu B, and hence it may be inferred that raiaing the 
voltage to 210 volts positive does not efFect the rate of 
fermentation, (3) when raised to a voltage of 210 volte 
negative; the figures in B and C again agree, and thus 
when raised to this voltage the rate of iermentation remains 
unaltered. A continuation oi the experiment merely con- 
firmed the previous results. 


A. 

Tsbud 1. 

B. 

0. 

10-26 

10-31 

1*2 

1*2 

10-36 

1*4 

1*4 

10*41 

0*0 

0*9 

10*46 

1 

0*9 

10*61 

1 

0-9 

10*66 

1 

0*9 

11-1 

1 

0-9 

11*6 

1*1 

1 

11-11 

1 

1 

11-16 

1*2 

1*1 

11*21 

1-2 

1*1 

11-26 

1*2 

1*1 

11*81 

1*2 

1*1 

11-36 

1*2 

1 1 

11-41 

1*3 

1*3 

11-46 

1*2 

M 

11*61 

1*2 

1*1 

11-66 

1 

1*1 

12 1 

1*1 

1*1 

12 6 

1*2 

1 1 

12*11 

1*2 

1*1 

12-16 

1*1 

1*1 

12-21 

1*1 

1 

12-26 

, 1*1 

1 1 

12*81 

1*2 


12-36 

1*1 


12*41 

1-1 


12-46 

1 1 

0-9 

M 1.— In column A is given the times at which t 

were taken. 

In B, the control flask. 

the prcMt 


each miooeeding five minutes In 0, the second flesk, the pressure 
developed dunuff tbs same inten'als of time when this flask was 
earthed or raised to a potential of 210 Tolts, altematelj positive 
and negative The pressures are given in centimetres of mercury 


Bias OF Temperature. 

In estimating the velocity of fennentaiion by means ol 
Use rise in temperature, special precautions are neoeesary to 
goaid against any varsring conditions which might give 
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rise to fluctuations of temperature. In tliese experimanti 
silvered Dewar’s flasks were employed. Tbey were fuiilier 
protected by being placed side by side in an Hearson’s 
incubator or suitable box for several hours, so that they 
should assume the same temperature. 

The general procedure adopted was to prepare a 
sufficient quantity of a 10 or 15 per cent, solution of 
glucose, to add the yeast previously disintegrated in 
water, and then to thoroughly mix by repeated pouring 
from one vessel to anothei . Kqual qiiantitieh of this mixture 
were then pouied into the Dewai’s flasks, which were 
insulated by elionite or paraffin; one of these was 
earthed by means of a platinum electrode, while the other 
by a similar electrode could be earthed or raised to a 
known potential. Any difference m temperature was 
measured by means of standardised mercurial thermo- 
metei-s, and also by a thermopile and galvanometer. Within 
the limits of experimental error the rise of temperature in 
these flasks was the same, and no clear indication could be 
obtained that the fermentation proceeded more rapidly in 
the flask maintained at sero potentiail than in the one 
raised to a definite potential. 

Rate of Disaffearance of the (Ilvcosb. 

Using all the pi-ecautions as in the experiments just 
described, the rate of the disappearance of the glucose 
was determined by means of a Schmidt and Haensch 
polarimeter. Measured in this way the rate of fermenta* 
tion was the same in the earthed flask and the one raised to 
a definite potential. 

All these experiments were repeated on several occoi* 
sions, and were found to be in close agreement, and it may 
be inferred that the low voltages, 210 volt., such as that 
employed does not influence the velocity of fermentation. 
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ON A CHAEACTEEISTIC PEOPEETY OP THE 
TIDAL STEEAMS OF THE STEAIT OP DOVEE. 

By Q R Qou>aaMiiOK, D Sc , F R A B 

1 1. As a result of tlie exhaustive observations of the tidal 
ourrents of the English Channel Admiral Beechy,^ it is 
shown that the Channel can be divided up into separate 
areas according to the character of the motions of the tidal 
currents therein: 

A. The area bounded by lines joining the Start, 
Casquets, point d’Ailly and Bearhy Head. “ In this area 
the whole body of the watet moves eastward towards the 
North Sea whilst the tide is rising at Dover and westward 
when it is falling there.”* 

B, The area bounded by linea joining the North 
Foreland, the Tioman and Owen lightship, the Hook of 
Holland and Dunkerque. ” In tiiis nreo the whole body 
of wa^ mo>e8 south-westward towards the English Channel 
when the tide is rising nt Dover and eistward when it is 

' falling there.”* 

Between these two areas there is the Strait of Dover. 
The effect of the oscillating area on each side is to 
produce a more complicated motion in the Strait. It is 
observed that there is a definite line of ” junction of the 
tides ” or ” separation of the tides ” which moves from the 
western to the eastern boundary. At this line there is no 
current, and so definite is it that Beechy reports that two 
ships riding at anchor one mile apart were found to have 
their heads in opposite directions, lliis line is found to 
take the following positions : * 

(1) Line joining Beachy Head and point d’Ailly — 6 hours 
before and 1 hour after high water at Dover. 

‘ PhU. Trant , vol 141, p 70S 

' Tt^i and Tidal Stream* of the BritUh Itlandt, pp 13, U 

n as 
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(2) Lina joining Hastings and Tr^port — 4 hours before and 

2 hours after high water at Dover. 

(3) Line joining Dungeness end Quentin — 3 hours befiure 

and 3 hours after high water at Dover. 

(4) Line joining h'olkeetone and Boulogne — ^2 hours before 

and 4 hours after high water at Dover. 

(5) Line joining South Foreland and Calais — hour before 

and 5 hours alter high wuter at Dover. 

(6) Line joining North Foreland and Dunkerque — ^high 

water at Dover and 6 hours after high water there. 

These observatkms give the time in round figures. It is 
clear that the recurrence should be, for the semi>diumal 
tide, after G hours 12^ minutes and not 6 hours exactly. 

Beechy’s observations oIko show that there is practically 
no transverse motion of the water in the Channel : it may 
be taken as wholly longitudinal. 

i( 2. We have therefore to explain first, the existence of such 
a definite oo-ourreat line; and second, its rate of mavemem. 
The explanation generally offered is that the definiteness 
is due to the constriction of the Channel at Dover. The 
following analysis proves that this explanation is correct. 

Consider the long waves foimed in a canal of slowly 
vaxying section. Take the axis of m along the direction of 
the canal and let A(«) be the area of cro8s*section, and h(«) 
the breadth of tlie surface, both token normal to the sr-axis, 
at the point a. If i; is the height of the surface above the 
undisturbed level, and £ is the horisontal displacement 
of the particles in the vertical plane through «, both at time 
^ then* 


1 8 
“ 6(x) 8x 




On eliminating y between (I) and (2), 

V { A(*)« } - I { A(at)^ } ] 


( 1 ) 

(S) 

( 8 ) 


' Hydrodynamics, Fourth Fd , p 947, 
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If the canal baa a constant mean depth hj then 
A(je) = hb(/t), We Khali nssume that the Strait of Dover 
corresponds roughly to a curve defined by 8ec*as/a> 

b and a being constants. Then, on putting t& » and 


A (x) u = t7, we have 

^ , .ar 6 r 1 


( 4 ) 


The canal e 4ire considering connects two independently 
tided seas. We shall suppose the oscillations of these seas 
can be expressed in the form 

u s y sin at + n cos at, where a s 2ir -r 12 hours 26 minutes. 


Assuming then that we have simple harmonic vibrations 
in Ihe canal, we find, as the solution of (4) 

V S3 sec xia [{A sin Kxfa 4- B cos icX;'a}sin crt 
+ { C sin Kx,a + D cos KX,a}co8 ot] ; 
or tt «= cos ar/o [{A sin «x/o + B cos ica5/o}sin at 

+ { C sin Kxja + D cos tcxfa)cos at], . (5) 

where ic* «aV/jfc + 1, A, B, C and D being arbitrary constants. 

In the application of these lesults to the tidal phenomena 
q£ the Strait of Dover, it will be necessary, in order to give 
a closer representation, to choose portions of tlie two curves 
6(a;) « b sec* xja and bX-c) = b sec* xja. The origin will be taken 
at the narroweet part, where the breadth is 6; the first 
curve will repieseut the easterly portion of the Strait and 
the second, the westerly. 

The current in each part will be determined by an 
equation of the form (6). To this must be added the con- 
dition that at the origin vf and h must be alike for both 
portions. 

From (6) and (1) we find 

1 ? ** ® 

+ K cos x/a (A cos sx/a — B sin «x;a)} 

sin at 

— {sin xja (C sin Kxfa + D cos *J‘/o) 

+ K cos xja (C cos Kxfa — D sin «x/a)| . 


( 6 ) 
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Suppose that unaot ented letten refer to tlie poaitive pan 
of the canal and accented letters refer to the negative part. 
Then the conditions at the ongin are 
B-B', D = D, 

«A «’A' ^ k'C' 


Also, let the junctions with the seas be at ae I and X’* —V. 
Then, when a: =3 u = V sin ot U cob vt, and when 
J! =e — r, tt != V' sin <rt + U' COB «rt. 


Hence the further equations of condition are : 

COB l/a{A sin idfa + B cos Kl/aj ■= V, 

COB Ija^C sin «!/a + B OOB Kt/a| = IT, 
cos I'la’ { - A' sin sT/o' + B' cos kT/o'} = V', 
cos r/o' { ~ C sin K'l'ja + D cob «’r/a'J «* U*. 

These can be directly solved for A, B, C, D, A', B', C, D' in 
terms of V, U, V', U . We And then : 



A *3 a« I V sec Ija cos « I'a' — V' sec I fa cos «J/a| — d, 
A' =■ o'*cA — as , 


B' ssB » {ok'V' sec r/o' sin sl/a+o sV sec l/o sin sT/o' J —d, 
C ■■ oa' {U sec l/o cos n'l'fa — U' sec I'/o’ cos sI/o| d, 

C Be Cate ~ ait', 

D' =D = {ok'U' sec I'/o sin kI/«+o’kU sec I, a sin le'l'a'j — d, 
d ss os' sin kI/ocos k'I'/o' + o's sin s'l'/o' cos sl/o. 


>( 8 ) 


The vanishing of d can readily be shown to be the con* 
dition of reeonouce, 

g 3. The travelling hue of no-ourrent exists ns a common 
property of all long waves in one dimension. For example, 
in the case of a single wave propagated in a straight canal 
of uniform depth and breadth, we may take 

u w: P sin (crt » he), where vfc ™ -^Cth) . . • (9) 

The current is aero along the line ci, which moves with 
the speed of the wave. In general, however, this is only 
recognisable as a period of “ slack water,” which is vaguely 
bounded both ii^ time and space. Its deflnitenese depends 
upon the magnitude of SufSt, gi eater values of this deriva* 
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tive giving- greater precisian to the poutum of the line. In 
the case of (9) ^P, when kx—ot. We may 

compare this with a simple wave travelling along the canal 
of variable breadth dealt with in j{ 2. This wave may 


be taken os 

tt s P' COB zja sin (ot — xxfa) (10) 

In thu case SujSx »« — P's/o • cos zja, (11) 


when vt = Kzja. 

In both cases the arbitrary oonaiants are determined by 
the given value of u at some distant point. Hence P and 
P' cos x/a, where x is large but less than va/2, will be of 
approximately the same value. So that P' will be greater 
than P. And SujSx for the second case will be the greater 
especially when the line of no-cuirent is not fai from the 
origin. Equation (11) also sliows that as a increases the 
line diminishes in defiuitenees. 

It is clear then, that if the Strait of Dover can be 
approximately represented by secant curvee in the manner 
indicated, the pronounced no^urreot line will follow. It 
remains to examine the point numerically, to see if approx- 
imate agreement with observation results. There are, 
however, one or two inteiesting propeitiee oi the wave 
motion, as given by (6) and (6) worth mentioning. 

I 4. Fiom equation (5; the no-corrent hue is given by 
cos xja 0, or 

tan <rt « — |C tan xxfa + D| -f- {A iai(Kr/a-|-B^. (12) 
The first equation must be discarded as it is satisfied 
first by zja b r/2, which would imply that the canal extended 
to infinite breadth. The second equation may be written 
alternatively, 

tan «b/o — (B tan «rt + D) -r (A tan <rt + C) . (18) 

It is readily shown from either (12) or (13) that for 
eveiy value of z there is a oorresponding value of t and 
viez-vertd. Hence there is no part oi the oonal in which 
the noKiurreni line does not appear at some time. Also, if 
is a solution of (13) corresponding to a v%lue ti of t, then 
also »^ + n*a|K is a solntion, where n is any integer. Thus 
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the no-oanent lines follow each other at a distance 
or half a wave length. Similarly if a certain point is oo 
the no-ourrent line at time f,, it will again be (m the 
. nOHMurrent line at time t] + tnr/ir after a multiple of the 
half-period. 

The velocity of o uo-uurrent line is 

(14) 

The sign of this quantity depends upon the constants 
A, B, C, D, and finally on the sign of (BG— AD), the 
remaining factors being jweitive for all values of f. In 
other words, the direction of motion of the no-current line is 
fixed by the constants of motion of the connected seas. 
We assumed before tliat at the limits of the canal, 
u »B! V sin ot + U cos ert, 
and u' a* V' sin <rt + U' oosat. 

If these vibrations are in the seme phase, by a suitable 
change of the origin of the time, we can make either 
V = V'=-0, or U = U' = 0. Reference to (8) shows that in 
the first case, A = B==sO, and in the second, C=D=0. In 
either event the value of BC— AD is sero. Again, if the 
boundary vibrations ore in exactly opposite phase, it could 
be arranged similarly that either VssV'—O, or U = I7'-0. 
So that a moving no-ourrent line only appears when a phase 
difference other than a half period exists. In the sero case 
(13) shows that tan ssr/a ao — B/A or — D/G. We have then 
in the canal a standing oscillation. 

The velocity at a short distance &s from a no-current line 
is given by 

uatK/o&r ooB zja sec aa'acos <rt(BC— AD)-t-( A tan me/o+B) (16) 
In this formula » and t are related by (12) or (13). 

If * and t are fixed lu value, u changes sign with te. 
Hence the ourrenis approach the sero line from both sides 
or lecede on both sides, as might otherwise have been ehown.- 
This exhibits the nautioal statement of the meeting ** and 
*' separating ” of the tidal ourrenie. 

As has already been shown, the no-current line will be 
at a point a at time t and again at time t+ v/o-. Hence, 


^ — AD) sec* g* 

X (A tan at + C)''+(H tan w 
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owing to tbe presence of the factor cob at in (16), if « 
hae a certain sign und value at a diatanre ix from the 
no-curreait line at a point x and time t , it will have tiie 
opposite sign at the same place for the next return of the 
no-current line which occuis at time t + w . That is, if 
the currents approach the no-current line as it passee 
through a given point, they will recede from the next 
iio-c-urrent hue which posses that point and viee - versd . 
This is in agreement with the obeervations quoted in J 1. 
At the first stated time the tidal streams are said to 
“ meet,” at the second time they ” separate.”* 

Application to the Piuekombma of the Strait ov Dovkr. 

I 5. In applying the preceding results to the tidal move- 
ments of the Strait of Dover, one must determine the con- 
stants of the problem from the motions at the boundaries 
of the area. This is a trifle difficult to do. The Admiralty 
manual gives a large number of observations at various 
places, but it is difficult to decide whether these are purely 
local or whether they may he regarded ns holding over a 
larger area. A fair aveiage value, bos'ever, seems to be 
3} knots for mean spring tides in the area from the Start 
to Ueaohy Head. For the south-western portion of the 
North Sea near to the Strait of Dover, we may take 
knots. It, however, the statement of Beechy that the 
current flows toword Dover when the tide is rising there, 
and conversely, be applied rigorously to the areas named 
A and B in § 1, it is clear from | 4, that tbe progreeeive 
no-curmiit line could not result, as the phase-drSerence 
would he exactly 180°. We shall in place use the facts 
that the current is sero on the Beachy Head — ^point d’Ailly 
line 5 hours liefore high water at Dover, and also sero on 
the North Foreland — Dunkerque line at the time of high 
water at Dover. hove then sufficient information to 
determine the motion. 

To determine the equation of breadth of the Strait of 
’ Tides and Tidal Streams, p. 35. 
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Dover lu the approximate fotm h (r) h secV/a we have 
the following data — 
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ihe table gi\eH the distances from coast to coast at each 
of SIX sections I eiuK those of the observations in $ 1 
The second (olumu gives the distances apart of the 
sections measured along mid channel The ^ird column 
shows the mean depth icioss each section It will be 
noticed that excepting for the first sectua the depth is 
fairly constant Un this account and because of the simpli- 
fication of the analysis T have taken the value 13 1 fathoms 
or 79 feet as the vilue throughout 

It lb readily seen that the channel does not follow the 
issumed law of treadth b(r) — h see* o/» with any close 
accuracy I hat liw however is sufitriently exact to give 
results comparable in accnracy aith the observations 
Taking the origin of co-oidiiiates it the nanwest 
section ue have then the two equations 

(a) Tor the eastward portion 6 (x) ^ 23 sec* x/17 3 
and (b) For the westward portion h(x) s* 23 sec r/74 6 
From these we have 

« as 1 032 radians = 69* 8 
K « 1 489 radians wi 86 19 
A-179B.s3 06 la-109.D»lU6 
A->6 37 B«306 C»-327D»10e 










Using these vslaes of the constants, we can now oal* 
onlate the time of errival of the no-ourrent line at each 
of the positions quoted in the table and compare with the 
observations in S 1* The results are given in the following 
table: — 



If we bear in mind that the observations are approximate 
only as is shown in the fart that the semi-period is quoted 
as 6 hours m place of 6‘2 hours, it will be seen that the 
agreement between theory and observation is fairly good. 
A strictw representation of the shape of the strait would 
perhaps have impponted the theory especially near the 
narrowest pert. But the elaboration of the work would 
hardly seem to he justified in view of the difficulty of 
making more exact observations of the no-current line. 
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Iiiimitu of 9ar|)an 9l)Umi4trtl SicMy 


SOME A6PECTS OF MINING LAWS UNDER THE 
UOMAN EMPIRE 

Bt HENBT LOUIS. MA. DSo 
[Bead February 17th 1021 ] 

The fact that Roman lunsts paid partiouldr attention 
to the need of legist ition in respect of mines, the owner- 
ship tlieieof md the i elation of the State to mines and 
mineis is voi\ net all \ admitted and theit is evidence 
tlnt»lJu> must have done this at a ^e^y eiriy ])eiiod, the 
linsis ol agpood deal ol tlieii pi utice was no doubt denied 
liom Gieek souucs, inininpf in Qii we tfoingf bni k to n very 
1 emote i lod Iheie is comiwiatively littli to be found on 
till subject ol nnninjr lip^islalion in such of thi eailier 
uiitmgs ot the Roiinn luiisis as line lomt down to us, 
flu ( ivil (ode ot Justinian (ad 628) demotes a shoil 
( liaptii to thi sulijett, but e\en in this it is obvious that 
mcient cuBtoma and nnwnlten liw pliyed i veiy import- 
ant put uid til U this nKledoes litlle moie than set forth 
definitely piaitices that probably weie m existenie fiom 
time immimorial A prieat deal ot light has been thrown 
upon this subject by the disioveiy in Portugal of two 
Rionse Tablets found in 1870 and 1900 respectively, 
which, though thev ha\e lieen carefully studied on the 
(Continent, appear to be practically unknown in this 
country It is to tliese that 1 wish to attract your attention 
to day and I need hardly say that in so doing I make no 
pretence at any originality, and that I «m availing myself 
to the full of the translations, mierpretationa and 
(ominents ol the Oontinental AichnpologiBtB to whom I have 
lefeired 

Both these tablets were found buned m piles of old 
Roman slags in fbo mining district of Aljustrel, a small 
village m Southern Portugal, where copper mining has 
been earned on at irregular i^ntervals from Roman times 

• 
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until quite recently The ore bodieg last worked consist 
of cupriferous mm pyrites now relatively poor in copper, 
carrying* barely 2 per cent, of that metal There is no 
doubl ihat the ujipor poiiions of the deposits were 
much richer in copper and they also probably carried a con- 
sidemble projKotion of silver. This phenomenon of the 
secondary enrichment of such ore deposits in their more 
suiierficial portions is quite familiar to mining* geologists, 
eaperinlly in ore bodies of tins type. It ig quite clear from 
the numerous remains of workings, instruments, etc., that 
have been found here, that the Homans cairied on active 
mining operations in this district, to which they gave the 
name of V/rtu and that they smelted on the 

spot the ores extiucted fmm the inmcs, as is pioved by the 
large piles of Homan slags still 1o be s<H*n ibeiv Tbeie is 
also some evidence that ore was brought from oilier mines 
into this mining district to be smelted, and it is piobable 
that the Horn ms had here a metallin^gical station for the 
smelting and lefining of ores and metals. 

The first of tliese tablets, found in 187R, is numbered 
IIT and is evidently the thud of a series, though unfortun- 
ately the only one that bus been discovered It is divided 
into nine clauses (the Inst «»f \ibh*b is inooniplete), and icfers 
e\clusivel\ to the financial administiation ot the mining 
cam]), ^\hi<*h ^^as, as usual, subject t«> a “ ProrMToior 
the repi j'sentatn e of the (Nuilial Homan 
Anfliority, apyioiTitcd pmbably Inmi Home, whoso powers 
and duties appear to have been just aliout the same as tho^ 
of flic (^nrnish Waiden *»t the StaniiuTcs, oi a (loldfield's 
Warden in an Austiulian (}old Mining Camp. It may 
bo noted that the word Metallum had become by this time 
very sharply defined; in the game way as the Homang 
derived much of their mining knowledge and the besis o^ 
tlieir mining legislation from the Greeks, so bad they also 
adopted manv Greek mining terms. The Greek word 
/wraXXov appears to b‘i\e meant originally the actnal mine 
opening. Tf the genemllv accepted derivation from 
^eraXW (I goaroh after), is correct, it would correspoud 
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with what we should now rail a pro'ipect Of oourse in 
primitive timea tht man who discovered ore would himBedf 
extract it and uould smelt it into metal on the spot so that 
the word fjttraXXov was fiist applied both to the working 
ind to its product Here however we find the word used 
quiti definitely foi mine or group of mines (tntra fines 
metalh Vtpa^censis) and theie is considerable evidence 
even in the present 1 ablets that mining and smelting had 
bv this turn bicomo differentiated and \ure carried on by 
entirely different sets of workers I may add that most 
Authorities appear to agree tliit the tablet now under 
disdisMon dat* s from aliout the end oi the first century of 
oruT era 

The first danse shows that there was an auctioneer 
ippiinttd for the mining camp who had to conduct all 
siles h\ auction ind it fives the aintioneers commission 
it cue pt 1 cent which is ti hi doubled il not ]>aid within 
thill days any siJis h^ aucti m ordered by the Warden 
must he londiicted ly thi aiutioncir gr ituitoiisly The 
1 i\t dausi fiMs in tiu sami wa\ the payments to he made 
t th< public Ciier oni of the inten sting di tails is th t 
when a mine shaft is sold by order of the Warden the 
piirehaser must pay the CrierN TOinmission of 1 per tent 

I he third i liuso sets out tin obligations incumbent upon 
the farmer of the baths of keeping them in good order 
with a proper supply of hot water specifies thi bathing 
houis for men and women and the payments to he made for 
the use of the bathe which are however to he free for 
public senants soldiers and youths under age T mav 
remind you that it was not until 1011 thot legislation in 
this country made nnv provision for the establishment of 
baths in connection with collieries so that in this respect 
the Bomans were 1 800 years ahead of us — and yit we 
pude oui selves on our national cleanliness t 

The next three clauses regulate the conditions under 
which cobblers, barbers and fullers may exercise their 
respective trades 

Hie next clause is decidedly difficult to interpret it 
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states that anyone engaged in cleaning, dxeiwing or rednc* 
ing copper or silver slags in the district shall declare how 
many men he has engaged in this work, and shall make a 
monthly payment for each man to the fanner (apparently 
the farmer of the smelting rights) and that payments shall 
also be made to hihi by anyone importing copper or silver 
slags into this mining camp. The clause is headed 
“ ScrvpturoR tcauranorum et tettanorum ” and the latter 
word appears to offer some difficulty. I am inclined to 
think that it is (juite piobahle that the Romans refined 
silver here, and that the word applied to the men working 
at the “ test ” or cupel upon which such refining would 
be carried out. The Latin “ testa ” appears to have origin- 
ally meant a flat shell, a potsherd or a shallow earthenware 
vemel , and such a vensel containing a layer of ashes would 
probably be used for silver refining; in the earliest descrip- 
tions of silver cupellation that have come down to us, we 
find that a vessel of this description was so used ; Agricola, 
writing in the 17th century, calls it tcftu, and the word 
” test ” is still applied to-day to the similar vessel used in 
the English cupellation hearth. There is of course ample 
evidence that the Romans weie familiar with the method 
of cupellation. 

The eighth clause is one which I am sure will command 
the sympathies of many here present I should like to 
draw the special attention of the Chancellor of the 
Exchequer to it, in order that he may see how far he has 
fallen in true civilisation below the legislative practice of 
1,800 years ago, for this clause enacts that within the 
mining district teachers shall be exempt from taxation. 

The last clause, unfortunately unfinished, refers to the 
penalties to be paid by anyone who jumps ” another man’s 
shaft or shaft site, contrary to the mining law e lege 
metalUi dicta*' 

It will be,seen that there ie an immense amount of inter- 
esting mattnr in this tablet. It is, however, far inferior 
in importance from the mining point of view to tEe second 
tliblei, found thirty years later under similar oonditioiifi 
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This iH evidently uot a portion of the series to which the 
first beloncfs, as it differs widely irom it both in matter and 
in style. In all probability it is a portion of the “ lea 
metalUa dicta ” above referred to, and it appears from the 
inscription itself that it was given under the reign of 
Hadrian (117-138 a.o.). It has been conjectured with much 
probability that this Lex dicta opplied to mines throughout 
the Colonies of the Roman Empire, possibly with minor 
qualifications to suit local conditions, but that its general 
lines were the same for all, and that it was drawn up in 
Rome itself and was distributed to the various colonies 
affected by it. If this view is correct, we have here an 
example of the legislation that governed mining in Great 
Rritain 1,800 years ago. 

The first line of this tablet begins in the middle of a 
sentence and deals with the penalties to be imposed upon 
anyone who smelts any ore before he has paid the price 
thereof as previously stated (and which we do not know, as 
the conditions were evidently contained in the tablet preced- 
ing the one that has come down to us) . The penalty is that 
the owner of the shaft who commits this breach of the law 
shall have his share of the shaft confiscated and that the 
Warden shall put the whole shaft up for sale. Furthennore 
the informer who proves that ore has been smelted before 
the owner has paid the price of the half share belonging to 
the State, shall receive a fourth part as a reward. It is 
important to note that tu'o different words, namely, 
“ oeeupator ” and " eolonui,” are used in this paragraph 
indifferently as meaning the person in possession of the 
shaft; these words are used repeatedly thronghout this 
inscription and apparently without any difference of mean- 
ing. I shall translate them both by the term “mine owner," 
although it is obviona that there is no ownerdiip in the 
sense in which we use that term. 

The rest of the inscription is suifioiently important to 
deserve translation in fnll, as follows: — 

Para. 2. Silver bearing shafts shall be worked in 
^ manner contained in this law; the prices thereof* 
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according to the generosity of the Moat Sacred Einjieror 
Hadrian Augustus shall be determined in such a manner 
that the ownership of that share that shall belong to the 
Treasury may belong to him who first offers the prira 
for the shaft and pays into the Iheasury the sum of 
4,000 Sesterces. 

Para. 3. Whosoever out of the number of five 
shafts shall have sunk one down to the ore shall work 
without intermission in the others as is written above; 
unless he shall do so others shall have the jiower ot 
' occupying the same. 

Para. 4. If anyone after 26 days given to prepara- 
tion for the expenses shall have forthwith commenced 
to carry out some work but shall afterwards have 
(‘COHed from working for ten consecutive days, others 
shall have the right of occupation. 

Para. 6. A shaft having been sold by the 
Treasury and having lain idle for six consecutive 
months, others shall have the right of occupation 
provided that when ores are drawn from the same, 
one-half share shall according to custom be reserved 
to the Treasury. 

Pam. 6. The owner of the shafts shall he allowed 
to have such partners as he may desire, piwvided that 
the latter shall contribute to the expenses for that 
slmre by whu*b each is a partner. Should be not do so, 
be who has made the disbursements shall ftnr three 
successive days in the Forum, and in the most 
frequented parts, cause the amount of the disburse- 
ments made by him to be published, and he shall 
intimate by (Mer to bis partners that each shall 
contribute to the expenses according to his share. 
Whosoever shall not contribute, or with evil intent 
shall have done something eo that he may not oon- 
tribute, or whereby he may deceive one or more of hie 
partners, shall be deprived of his share in the shaft 
and that share of the partner shall belong to those 
partners in proportion as they shall have paid the 
disbursements. 



Para. 7. And thoee mine owners who shall havd 
made diBbursemente in that ahait in which there shall 
have been several partners shall be entitled to recover 
from their paitners what shall be shown to have been 
expended in good faith. 

Para. 8. The mine owners shall be allowed to 
sell among each other also the shares of the shaft, 
which they may have bought from the Treasury and 
paid the price thereof, for as much as they con 
obtain; whosoever wishes to sell his share or to buy 
luusl make a declaration before the Wardui in charge 
of the mines; it shall not be lawful to sril m buy in 
any other wise. Whosoever is in debt to the Treasury 
shall not be allowed to give away his share. 

Para. 9. The ores lying close to the shaft month 
shall be .transported to the smelting works between 
sunrise and sunset. Whosoever is convicted of 
having tiun*<(H>ite(l oie tioin the nhafts after sunset 
■dmll pay a line of 100 Sesterces to the Treasury. 

(I have translated the word offidna as smelting 
works; it is the origin of the French usine,** and 
appeals to mean a works a& distinct from a mine, 
and may here have included a reflnery as well as a 
smelting works properly speaking.) 

Paia. 10. Anyone who steals ore, if a slave, shall 
be flogged by the Warden and sold by him under the 
condition that he shall remain in fetters for all time, 
and shall not be allowed to dwell in any mines or 
mining district ; the price of the slave shall belong to 
his master; if he is a freeman the Warden shall 
confiscate his goods, and he shall be forbidden all 
mining districts for ever. 

Para. 11. All shafts must be carefully stayed and 
supported, and the owner of each shaft must leplaew 
any decayed material by such as is new and suitable. 

Para. 12. It is forbidden to touch or injuie the 
pillars or supports left for the sake of airengtik or to ‘ 
do anything with evil intent whereby these pillars, 
supports may be weakened and less easy to tmteno.' 
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Pai'a. 13. Whutioever hhall be r<Hivicted of damag- 
ing a ebait, catuing it to cave, or destroying the 
up^ier part, or doing anything with evil intent whereby 
the shall may ho lendered leea firm Nhull, if a slave, 
be flogged os the Waisleu may determine, and be sold 
by his master subject to the condition that he shall not 
be allowed to dwell in any mines; it u freeman, the 
Warden shall conllsuuie his goods to the Treasury, and 
he shall be foi bidden mining dish lets tm evei . 

Para. 14. Whosoever works copper shafts shall 
keep away from the drift that carries the water away 
from the mine and shall leave not less than 15 feet on 
either side thereof. 

Para. 16. It is forbidden to damage the drift. 
The Warden may give permission to work a trial hole 
from this drift for the sake of seeking for a new mine 
so that such trial shall not be more than 4 feet high 
and wide. (In this clause there is a word “ ternugua ” 
which appears to be new, and is not found in the 
dictionaries; 1 have translated it as a trial working, 
which is evidently from the context what it is intended 
for, but I have no clue to the way in which this 
meaning is derived). 

Para. 16. It is forbidden to seek for or to cut ore 
within 16 feet of either side of the drift. Whoso- 
ever is convicted of doing otherwise in the trial holes 
shall, if a slave, be flogged as the Warden may deter- 
mine, and be sold by bis master under the condition 
that he shall not be allowed to dwell in any mines ; if 
a freeman his goods shall be taken by the Treasury, 
and he shall be forbidden mining districts for ever. 

Para. 17. Whosoever works silver shafts shall 
keep away from the drift that carries the water away 
from the mine, and shall leave not less than 60 feet 
on either side thereof, and he shall keep in work those 
shafts which he possesses or which have been assigned 
to him as their boundaries shall have been set, nor 
shall he go beyond those, nor shall he ooUect waste 
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ncHT make trial iiolee> beyond the limits of the shaft 
assigned to him in such a way as to. ... . 

It is evident that this fragment contains a summary of 
a number of general laws governing the ownership of mines 
and the (‘onditions under which they might be worked. It 
is clear in the first place that the ownership of the minerals 
was vested in the State; apparently the State allowed any 
would'be miner to sink shafts foi the sake of extracting the 
oie, at his own expense, subject to the condition that, when 
he raised (ne, one>half thereof was to belong to the 
Treasury. Probably the tribute of ore was taken in kind 
and smelted on account of the Treasury; this provision 
uuuld make it quite intelligible why it should be fdibiddeii 
to remove any oie after dark when the representatives ot 
the Treasury would be unable to see the quantity and 
quality of the ore thus removed. It would further seem 
that if nay ownei ot a shaft abandoned it tor a lertuintiiue 
or did not comply with all the conditions as to payment, 
etc., his ownership was forthwith determined, and the 
entire shaft fell into the hands of the Treasury; it was then 
apparently put up to auction or otherwise sold, and the 
purchaser apparently purchued subject to the same oondi- 
ticm, namely that one-half of the oiee extracted belonged 
to the Treasury. In other words the owner of the mine 
was the owner only as long as he complied with the condi- 
tions laid down and paid royalty to the State, the royalty in 
this case amounting lo fifty per cent, of the produce. It 
would appear that the State claimed the absolute ownership 
of the mineral, but allowed it to be worked under certain 
conditions, most of which are unfortunately missing from 
the tablet that has come down to us. Jn the first place it 
may be conjectured that anyone, or possibly any settler in 
the mining district, wishing to mine, would be allowed to 
stake out a claim, probably of a certain defined area, and to 
mark upon it his proposed shaft sites. In most oonnisries 
to-day where the State owning the mineral allows claims to 
be pegged out in this way, the claim-holder it hound to 
execute a certain amount ol work in order to make good 
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his right ; it would appear that under these laws the amount 
of such assessnient woik was fixed by the Romans at sinking 
five shafts down to the ore. After he had done this work, 
the claim-holder probably became the absolute owner of the 
claim. If he failed to do his assessment work his right 
lapsed and others could take it over, or in Australian 
phraseology “ jump his claim.” Until he had completed 
his assessment work he must keep at it continuously, a 
stoppage of ten successive days rendeiing his claim liable 
to be jumped; it may be conjectured that under certain 
conditions that have not come down to us, the claim reverted 
to the State, and was then put up for sale by auction. If 
these views are correct, the ownership of a mining claim 
and of the shafts upon it could be secured either by staking 
out and doing the leiiuisite amount of work, by jumping a 
der^iot claim and completing the assessment w^k, or by 
purchase from the State. In all cases the owner held the 
mines subject to the condition of paying to the State one- 
half of the produce of the mine. The first clause, unfor- 
tunately imperfect, is by no means easy to understand; it 
may perhaps mean that the mine owner could purchase from 
the State the royalty rights by the payment down of certain 
sums, and in such case would be entitled to dispose of the 
whole of the proceeds of his mine, hut this interpretation 
is by no means devoid of difficulties. It is possible that 
some such distinction may be implied in the use of the 
two words onvpator and colonut, both of which appear 
to mean mine owner, though probably implying somil, 
difference in the mode of ownership. On the other 
band colonut may mean a man who has been settled within 
the limits of the mining camp, and it is probable that these 
last alone had the light to peg out mining claims ; if this is 
the correct interpretation, every oeoupator must be a 
eolotuu, though a cojonvn would not necessarily be an 
pecupator. The meaning of the srord oolomu as applied to 
land is fairly well known ; the eohmu was a freeman, who 
Snjoyed fixity of tenure in respect of the land he cultivated, 
hut was bound to that land upon which he was settled; ha 
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had to pay a proportion of the produce of the land to the 
proprietor whoever he might be; if these ocmditions are 
transferred to a mining property, it might be deduced that 
the coUnmt of a mine enjoyed the absolute nght of owner- 
ship of the mine, but he had to remain a miner and had to 
pay a proportion, here fixed at one-half, of the produce of 
the mine to the State as his Over-lord. 

It may be noted that there is no mention here of any 
compensation for the owner of the surface. It is, however, 
quite conceivable that in such a mining district the State 
may have reserved all suiface rights to itsdif, and that the 
mineral royalty was deemed to include payments for surface 
rights. It was not until much later than the date of these 
tablets that we find in Itomau law any lecognition of the 
rights ot the owner ol the surface, altlmugh ultimately the 
miner had to pay to the owner of the surface one-tenth of 
the produce, the royalty to the State having by that time 
been i educed to that aiuount (A.ii. 382. See Justin. Codex 
Idb. XI., Tit. 0, ill.). 

For us in this country perhaps the most interesting 
poitiou of the iuhciiption is to be found in sertiouH 6, 7 
and 8, in which is laid down with the utmost clearness the 
basis of the system of mining partnerships, which is known 
in this country as the Cost Book System ; this existed in full 
vigour for centuries in the Stannary districts of Cornwall 
and the adjoining districts of Devonshire, and is perhaps 
not yet extinct there even ti^day; Cost Book Companies 
have indeed been started in other parts of the kingdom, 
but always as copies of the Cornish system. The Cost Book 
System is definitely a purely Cornish institution. 

The general principles of the Cost Book Company are 
briefly as follows: a number of adventurers, as they are 
called, take a lease of a mmwal sett, and form themselves 
into a Company, each adventurer taking up one or more 
shares, on each of which he pays an agreed aamq the 
number of shares is usually some multiple of fi, 64 being a 
very eommon number. An official, who may or may not be 
one of the adventurers, is appointed to take charge of tho 
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administration of the Company, he being known as the 
purser; generally a separate mine manager, ualled the mine 
captain, is also appointed. The parser keeps a book known 
as the cost book, into which he enters the names and respec- 
tive shares of each adventurer and an account of tiie moneys 
expended on the mine and of the receipts derived from 
sales of ore. The adventurers hold meetings, usually once 
a month, at which dividends or calls, as the case may be. 
are decided. Any udveuturei may at any time relinquish 
his shares provided that he has discharged all his liabilities 
to the Company. If he don> not pay the (‘alls made upon 
him his shares uie foa'feited to the Company. The Cost 
Book principle has been fully admitted in English law and 
has repeatedly been the subject of special legislation; 
practically all Cost Book cases ustid to be tried beiore the 
Cornish Stannary Court. It will bo noted that this is a 
primitive type of limited company, especially suited to the 
development of small and irregular mines by a small group 
of persons all of whom were well known to each other; it 
will also be noted that this fotm and even the phraseology 
employed resemble closely those under which ships were 
, owned and worked from Medieval times onward, ond it may 
be conjectured that it received its present form in the 
Middle Ages. In view, however, of the fact now ascer* 
tained that the basal principles were laid down by the 
Jtomans, ?t can hardly lie doubted that the Cornish Cost 
Book system lias come doan to ns from Itoman times and 
that the Bomans were its originators. 

It is noteworthy that we find evidence of this fonn of 
mine partnership wherever mining was practised under the 
Roman Empire. It obtained throughout Central Europe 
and there is abundant evidence of its existence there; the 
more modern German term for such a company is Qeweri* 
sohaft, each Gewerkschaft being divided into parts 
(frequently 64) known as *' Kuxe ** ; the word Eux is said 
to be derived from a Bohemian word meaning a piece and to 
have been in use since the sixteenth century. The origin 
oi the word “ Gewerkschaft ” is more remote; the earliest 
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application of it that I can find ia in one of the collection 
of mining regulations published by the Bishops of Trent 
dated 1208; in another of these regulations published in 
1214 it is defined in the phrase Quatfuor werla, tdieet 
soniaffidatt,’* which would appear to imply that it was then 
relatively new. In Spain again, although the successive 
Gothic and Arabic invasions render it difficult to follow 
anything like a continuous system of minibg regulations, 
it would appear that the same principles of mining partner- 
ship must have obtained. The first tomplete Spanish 
Mining Code may lie said to be contained in the Oidenansas 
of the Novisinia Hecopilaiion of Philip TT. m 1684, 
which <(ipp}ied both to Spain and to the Spanish-American 
Colonies. Existing South American Mining Cbdes, e.ff., 
that of the Aigentine dated 1886 and of Chile dated 18^, 
have followed this old code rather closely, and both have 
<1 section (Title XI.) devoted to mining companies, in which 
the Roman principles are ‘exactly carried out, though 
naturally in greater detail. There is accordingly no reason 
to doubt that these regulations applied to mining in all 
Roman Colonies and therefore in Britain also. It is 
turthermore easy to understand why they should have 
survived in this conntiy in Cornwall alone, seeing that 
the original Saxon invasion never reached this part of 
Britain; it may fairly be claimed that Saxon influence 
never made itself felt in Cornwall before the ninth century, 
and it is highly improbable that Roman legislation would 
have disappeared there before the Norman Conquest, which 
probably served to estaUish it in all its essentials. It may 
further be pointed out that the Roman principle of the 
State ownershilp of minerals survived in Cornwall inasmuch 
as there the ownership of all minerals was claimed by the 
Crown. Whereas in the rest of England such claims were 
fiercely contested until they were settled in 1668 by the 
Great Case of Hines, they never appear to have becfn 
questioned in the Stannary area of Oomwall and the adjoin- 
ing parts of Devonshire. There are continuons records 
from 1168 until Edward HI. gnuited these minerals to th« 
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Black Prince in 1339, which ahow that the Crown claimed 
full ownership for them. An important document in this 
connection is the well known Tinners’ Charter of King John 
in 1201, which was, however, a confirmation rather than 
a creation of such nghts ; it sets forth the rights of “ Stan- 
naton nottn ” t6 dig for tin ore and to do various things 
incidental to such digging “ ncut de anttqaa conmetudwe 
congiievennt,” and asserts definitely the ownership of the 
Crown “ tn ttannanu fUtt quae tunt dominica noatra.*' 
The rights of the tinners to work tin and to be subject only 
to the Wanlen of the Stannaries “ ruatode nostro Stannaria- 
rum nostrarum ” reminds us forcibly of the rights of the 
Boman Colonus and it may fairly be suggested that the 
system of mine ownership, which the Aljustrel tablets 
illustrate, continued in Cornwall unbroken from Boman 
times onwards. > 

This constitutes to my mind the chief interest of the 
Bronse Tablets of Aljustrel; I hold that they contain a 
portion of the laws under which mines were administered 
in Britain in Boman times, and 1 have submitted to you 
whiit I think is good presumptive evidence that these prin- 
ciples of Boman mining legislation obtained in Cornwall, 
and that man,> of them, though naturally modified in the 
course of ages, have been maintained in principle in Corn- 
wall up to the present day. 
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THE SOLUTION OP CUBIC AND QUAHTIC EQUATIONS 
WITH NUMERICAL COEFFICIENTS 


BY A 8 PBROIVAL 


[Bead FebTuary 24tb 3421 1 


Thb SoiiUnoM OF Cubic Equatiomb bt Ciboular Functions 


Given Aa^+Ba;*+Ca!+D— 0, put »— 



to eliminate the 


second term and to replace the leading coefficient by unity 
The transformed equation is ^*+^9+9=0, 
where p=9AC— SB* 
and j*h=2B»-9ABC+27A*D 

It will then be found that if the ongmal coefficients A, B, C, 
and D be mtegral, p uid q will be also mtegral 

(If Aa 1 and ^B be mtegral say n, it is simpler to put 
T=y—n, and the transformed equation is y'+py+f’^O, where 
prsC— nB and g=2n*— nO+D) 


2 

Regarding p and q as signless utdoalltth, so 

Sa/ S 

that k IS ognless m every case 
In the solution of y*+py+9"*0, it Will be observed that a 
different method must be used according to the sign of p, add 
henoe it is advisable to consider p as signless, but to regard 0 
as oanying its appropriate sign, so we write y*±py4‘y‘*0 


I —For the case y*+py+ put ib»oot and 

y.— Vfl 


This root yi IS the only real root and it oamea the opposite sign 
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to that of q, which is indicated by the sign — The lemaining 
roots yt and are given by — iyi±(ijiii*+?/yi)i^, 

The term q/yi is always negative, for in both cases q must carry 
the reverse sign to that of tfi. 

II. — For the case of y*— py+J'*®, there are three snbdivi- 
sions depending upon the value of ik. 

(i) When ik>l, put Jk=:coB6c f; then 

v>= - a/? 2 )* i • 

and the two unreal roots and y$ are given by 



(u) When i=l, y,=^- and y.^y,— \/| 

Here yi as always takes the opposite tngn to that of q , but 
now the other roots take the same sign as q. 

(iii) When A<], put ib=oo8 3^ , 

then y,= -2-y^co6 0 

yt and yj=— 2 cos (^±120°). 

(If tables are not at hand, the following method which is 
given in Barlow's tables is a very good approamate method. 
Given f^+py—q^^O, let a be an approximate root. Write 

v=a*+pa, then ^1— *PP*o**®**®fy» ? ia 

used, unless a<l when o is used. As a numerical example 
consider y*+3y»6. Tat&g aasl'S, a first a^dioatbn of the 
method gives yi^l'288. Taking aail>288, a second applica- 
tion gives yi Ml 1*2879097. These figures ate correct. On 
using theAmethod of oitoular functions with 7 figure logarithms 
one obtains 1*28791, a nearer result with one operation, which 
jUustrates the capacity of noh procedure. The value cl tiie 
root correct to 9 figures is 1*28790976, Now in this case 
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y*+3yB6, one oonld eudly find tiie first tlime fignres from 
Molesworth'a pocket-book which gives tables of squares and 
cubes for numbers of three figures, but it would be troublesome 

if p entailed many figures. In such a case put 
then 

y*+py-T^ljl*'+P^/lz-qz=^^+iz ^- » ^0 

3>/ 3 

and an approximate value of t can be easily estimatra from the 
tables.) 

The explanation of the method by circular functions is now 
quite simple. We have three fundamental formnln — 

1 4 Binh* tt+3 sinh u— sinh 3u. 

II. (i.) .... 4 cosh* u— 3 cosh u=oo8h 3u. 

II. (iii.) ... 4 cos* ^—3 coB<^ =cob 3(^ 


In class I., if instead of putting we replace z by 

2 sinh u, the last equation in z becomes 

8 sinh* tt-f 6 smh «— * «=0, 

lyi 


and so sinh Suss _ia_ 

or Jk. 

P IP 
3^/8 


cot* ^—1 


But in I. we put k^icot =^cot s —tan I) 


2 cot, 


-asmh 3u, if cot g - 

and yi«=2\/|Binh««-%/g| (cotg)^— (tang)^}. 


if if 

COB* j+sm*2 

Similarly in class II. (i,), ji^ooBeo ’ V/ 

2 sin I' cos 5 

xB^^oot ^ -f-tan 2 * ) ocosh 8u, 

so s— 2 cosh tt and yi—2y^| <»«•» 2 )^+(*'“2 )^} 

4 
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In class II. (iii), where ik« 00 B 3^, e»2 oos or yi 3 b 2 ooe 
It will be noted that ^ is the oomplement of the gudermannian 0, 
BO that 


sinh va>oot V'^^tan 6 
ooBhv=*coBec^sB8eo 6 


e«-tan(2-J) 

-ten(j+J) 


tanh VBBCoa V'’=‘sin 9 


Thk soLunoH OF Quabtios with Nuicbricai. CoBFnoiKins. 


Given ArB*+Ba5*+C**4-D®+E==0, 

^ g 

Put so as to eliminate the second term and replace 


A by 1, when y*+Qy*+Ry+S=0=/(y) is obtained ; 
where Q=«lflAC— 6B^ 

R=8{B*-4ABC+8A«D) 
S«16A(B«C-4ABD+16A*E)-3B« 
Clearly we may assume ya>|(a±/9) or }(— ad:y) 


O' {v*-<»y+i(«*-^)} • 

The auxiliary cubic is ^t*)=i*+2Q**+(Q*— 48)*^— R*««0 
or (l^— a*) (2*4-p2^4-9)e0. 

As the last term (— R') is negative there must be at least one 
positive root, and it will be a square number if the aohitioii 
is integral ; denote it by a*. If more than one positive root, it 
is convenient to denote the highest number by a*. 






-2Q-a* 


Example (i.) 2a^— ll«*+a^+60it— 24»0. 

Put then y*-«94y*+2866y+61697«0. 

The auxiliary cubic is s*— 1388s*+27624&*— 81667S6ai0. 

Here a*=sll56; azs34 and hence fiaaS, y^20. llien the 
toots for y are 21, 13, —7, —27 and finally *—4, 8, or —2. 

Another method, which 1 owe to the late Mr. J. H. Qnmey, 
is simpler in most oases. Write the auxiliary oubio in fac t o rs 
(**-«»•) (s‘+|»>+g)«0. Then 

{y*± «y4-i (<»*+p-2 i^j)} {y»q:tty4. J (a*+p+2 -i©. 
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aad advB the two quadratics In this case q mnat be regarded 
asngnlesa and >/ 9 u positive and real whereas |ioames its sign 
The upper signs must be talton when R is positive the 
lower signs when R is negative 

Examine ( 1 ) as before p*— 694i^+^666y+61697«B0 This 
leads to (s*-1166) (z<-232s*+7066)=«0 and hence 
/(y)-(»*+3^y+189) (»»-S4y+273) 

Solving the quadrstios we obtam the roots as before 
Example ( 11 ) 

**+4®— 1=0 

^(ai*)=*«+4**-16=0=(2i»-2) (s«+2z«+8) 
/(®)=(ai»+®i^/2+l — ^/2) (a?— *>/2+H-,/2) 

Therefore *■>: — or 4>/2±^/-^2— 1 

The two real roots are 249038376 and —1 663261938 andths 
two unreal roots are 707106781 ±>/(-l 914213662 ) 

None — (1) Whenever the cubic has 3 real positive roots the 
quartui has 4 real roots 

( 2 ) If the cubic has 1 real positive root and two unreal roots 
the quarbc has 2 real and 2 unreal roots 

(3) If the cubio has 1 real positive toot and 2 real negative 
roots tiie quartio has either 2 real and 2 unreal roots or it has 
4 unreal roots 
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“ LIMITS OF ACCURACY IN ENGINEERING 
MANUFACTURE.” 

Bt S J. DAVIES. B.Sc.. A.M I Mich E. 

■ Read February 2lBt. 1021.] 

There are errorn m all aote Off measui'ement. These 
depend partly on the means used and partly <m the degiee 
of human hIciII exercised. Enor must, therefore, be 
” tolerated ” to a greater or less degree. A difference of 
flve yards in the lengths of two football pitches is hardly 
noticeable; an error of inches in the length of a cricket 
pitch, although an extremely sinall percentage of the 
twenty«two yards specified, is, however, of great moment* 
In the world of engineering the ent>r tolerated may vary 
from the * near enough ” measuiement at one end to the 
” ten-thou,” i.e., one ten-thousandth of an inch, discussed 
daily in the gauge or tool department of most works 
<)Bgaged on engineering manufacture in quantities. 

In this type of engineering, commonly termed ” mass 
production,” the quantities are large with relatimi to the 
value of a unit, os "disiinct frwn the large unit met with in 
the (*onstrucfioiial or engine-building branche>s. Electrical 
'iwitc'hgear, aem awd automobile engines, typewriters, 
shells and guns may he mentioneil as examples of engineer- 
ing manufacture in quantities. And for economical pro- 
duction some degree of intercJiangeubility between all 
examples of the same part, when machined, is essential. 
The machining of parts is sub-divided into a number of 
distinct operations, and a certain accuracy must often be 
attained in early operations, since the part is often located 
in jigs or fixtuies for ItUer operations in such a way as to 
make use of earlier machined dimensions. Parts machined 
to a high degree of accuracy can be assembled easily and 
cheaply, since hand-fitting is largely eliminated. The 
eupply of spare parts is also facilitated. 
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In order to achieve the degree of interohangeahility 
required, it beuomes necessary to establish, for each 
dimension of a part, certain “ limits ” of accuracy between 
which this must he; in other words, the error which may 
be tolerated for each dimension is fixed. In this connec- 
tion it must be remembered that accuracy costs money, and 
after a certain essential tolerance has been met, further 
efforts are unnecessary and wasteful. To measure accurately 
a particular dimension is a lengthy, and therefore costly, 
operation ; the use of limit gauges render prai'tical measure- 
ment economical, since, if the dimension falls between the 
limit'* fixed by the gauges, nothing more is demanded. 

The consideration of manufacturing limits falls under 
five headings <h- divisions. These are (<i) measurement of 
diameters of cylindrical parts ; (6) measurement of lengths, 
including cumulative dimensions; (e) measurement of 
distances apart of the (tentres of holes ; (d) measurement of 
screw threads; (c) measurement of special shapes such as 
tapers, splines, etc. Of these (a), (b), (c) and (e), will be 
treated in the Paper. 

(a) Diameters of cylindrical parts. — Consideration of 
these may be regarded as fundamental in the general study 
of limits of manufacture. 

In every pair of parts mating together one must be 
selected as a basic one whose dimension is to be regarded 
as accurate, within the degrees of accuracy demanded by 
the work, and of the nominal sue; the other part, also 
machined within the required degrees of accuracy, is given 
a definite variation from the nominal sise in order to attain 
a certain kind of mating, or ” fit,” as it is termed in the 
workshop. It may be as well to point out that the 
” tolerance ” is the total error in manufacture which can 
he permitted, while the definite difference between the 
dimensions of two-parts mating together is called an 
” allowance.” It will be understood later that certain 
tolerances are given according to the class of work while the 
allowances are arranged to produce certain kinds of fit. 

Several years ego, based largely on the demands of mill 
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engineerinff, the British Engineering Standards AsBoriation 
recommended that shafts or plugs should be made, within 
appropriate limits, to the nominal diameters, while the 
corresponding holes should have the required allowance or 
variation from standard. This is termed the “ shaft basis.” 
In later times, iiowever, the opposite of this has come into 
practice, vie., the “ hole basis ” in which the hole is to the 
uommal dimension and the shaft is given the necessary 
allowance. The reason for this change lies in the fact that 
holes are generally made hj means of drills, reamers, or 
cutters, wheieas plugs and shafts are turned or ground: the 
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former tools are standardised and produce a diameter which 
is relatively fixed; parts produced by turning or grinding 
can more easily he given an allowance from the nominal 
dimension. Further, holes can be most conveniently 
machined to limit plug gauges, and in this case direct 
measurement of the hole, always veiy difficult, is not 
necessary, while, for shafts measurement by means of a 
micrometer is readily carried out. Thus, in cases where 
rigid economy must be considered, a set of standard plug 
limit gouges only is essential — if the shaft basis were used, 
plugs covering all reoognixed ollosrnnces would be necessary 
to ensure the holes being to the correct site. 
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There are three systems of tolerances end allowances in 
use, and, in addition, most manufactures provide examples 
where special conditions have to be met. The three systems 
do not differ gieatiy in the tolerances and allowances 
arranged but only in the manner in which these are 
arrant^. The Newall System, in fairly common use in 
this country, although not put forward as a perfect one, 
will be discussed, in order to keep the Paper within the 
desired bounds. 

Fig. 1 shows the tolerances allowed for holes under 
this system — it will be remembered that holes are basic, and 
should therefore, be as correct as is commercially possible 
The tolerance increases in steps to suit practical demands, 
but follows the general law: Tolerance =a+f^ (Diameter), 
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where a and h are constants. Two classes of tolerances ‘‘A” 
and “B” are given in the figure, and it will be noticed that 
the tolerances are arranged so that two-thirds are above the 
nominal dimensioii and one>third below the nominal 
dimension. In making a hole the workman hugs the lower 
limit rather than the upper, while in making a plug or 
shaft the upper limit is more often approached, since in the 
event of error in these oases, the part may be rectified. 

Fits may be divided under three divisions, clearance, 
inteiference, end transition. Clearance fits are necessary 
when relative motion is to take place between the parts> 
and include “ Bunning fits ” and " Push fits.” Figs. 2 
and shoa, in a diogiammatical form, the allowaucee 
arranged for one class of push fit, “ P,” and three classes 
of running fits, “ Z,” “ F,” and “ Z.” It will be noticed 
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from a comparison of theae figures with Fig 1 that there 
18 always a positive allowance or r learance between the hole 
and its shaft Ihus foi *1 hole and shaft of 2^ inches dia 
meter nominal the smallest dmmetei of the hole in clasa 
A IS ^ 4996 inrhes i»hile the gie itest diametei of the shaft 
IS 2 499 me hes foi the highest (lass 7 of lunning fits The 
essential fentuie of a lesiance fit is that motion may take 
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plate fieely and with sufiuient allonante tor proper lubn* 
cation Weai will take place and mast often he considered 
in connection with the peimissible allowance 

Inteiteioncc fits comprise l)me fits lorce 
fits and Shrink fits These include all cases where 
the two iHiits cue to be iigidly connected so as to ensure 
complete lack of movement undei seirice conditions With 
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this claM of fit there muflt always be some interference * 
between the two paits i e the shaft must always be laiger 
than the (onespoudin^if hole — the allow mce therefore 
will be negative Suitable allonames foi drive and force 
ht aie ai ranged undei the Newall system these are shown 
in Pig 4 Shrinl fits iie not standardised since the 
demands of engineeiing piiduitims ore so lined m this 
iispoct A curve of thermal expinsion for steel is given 


MM. 
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and allowanres lui sbrinkage tan be arranged irom such a 
cur\e allowances should be of an Older so that when cold 
the interfeience between the pirts exceeds that of a force 
fit To the reader who w not familiar with workshop 
expressiuns it mii\ be added that a light drive fit u 
one wheie the piilR miy be mited by liglit blows froih a 
hand hammer a drive fit is closei than this # force fit 
demands a fort e of the order of that supplied by a screw or 
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hydraulic jack. Shrink fita, of course, make use of the 
expansion and contraction of one of the parta by heating 
and cooling in order to obtain the desired grip. Parts 
assembled -to a foire fit should not neoessarily be destroyed 
or damaged in taking apart again. 

The third class ot fit, transition fits, includes those 
which he between clearance and interference fits. The 
essential condition is that the parts jiair together with a 
complete absence of relative motion but with a proper 
registration of one with another. They must further 
permit of assembly and faking ax>art without difficulty or 
damage to them. No wear, of course, may be expected 
from this class of fit. The British Engineering Standards 
Association classifies light drive and key fits as transition 
fits. The Newall system does not provide definitely for 
them, although the allowances of the class P, push fits, 
apply to some extent as transition fits. With the stepped 
increases of tolerance and allowance rendered necessary by 
practical conditions some confusion is inevitable on the 
bonier lines between the classes. If it were possible to 
arrange systems without steps, all demands would be met 
by equations of the order Yaa + &>/D., giving suitable 
> values to the constants a and b. 

(b) Lengths, including cumulative dimensions. When 
simple lengths up to about 4 inches are considered, their 
tolerances and allowances follow closely those given for the 
diameters of cylindrical parta as regards clearance, inter* 
ference, and transition fits. For longer lengths, however, 
tolerances have to be increased somewhat owing to the 
practical difficulties of manufacture and measurement. 
The cylinder is the simplest form to machine and to 
measure ; lengths ai>e more difficult with the ordinary work* 
shop equipment. 

There are many examples of manufacture, placed under 
this heading which, further, do not lend themselves to 
standardisation. These are often of the type, which may 
be called cumulative, in which individual dimensions 
cannot he considered alone but only with reference to other 
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inohett were allowed as total eidoH-learance or float * 
IhiB i« a case which permits of ready measnremeiit 

Fig 6 shows a more diffii ult case Tir the allowaneee 
sihich must be given on the relatne lengths oi the crank- 
shaft and engine body or crank case in ordei to compensate 







eo 


for their difference of expanaione on heating up in running 
— in this example the cruuk-caHe expands more than the 
shaft. Tile tolerances on these dimensions are of the order 
of plus or minus '001 inches, while the allowances increase 
by *002 inches for emdi hearing passing from the centre 
bearing towards the ends — in this case location endwise of 
the shaft in tlie case is nt the centre bearing; in some 
engines one ot the end bearings is the locating one and 
allowances must be given starting from this one. It will 
be appre(*iated that in this example the allowances are 
cumulative, but the tolerances cannot be, as, if they were, 
the allowances would he nullified. So that the tolerances 
on the overall lengths, although logically the sum of the 
individual tolerances, have to be made much less than the 
sum iu order to satisfy the demands of the work. The cases 
in which lengths and distances are cumulative foim an 
interesting problem for the designer and manufacturer. 

(r) Distances apart of the centre lines ot holes. This 
is a most important sub-division fitwix the point of view 
of practice, in which a number of (^asee have to be 
considered. 

When two holes carry spindles or shafts upon which 
gear-wheels are mounted, the correct and satisfactory 
mating of the geam depends on the accumcy of the distance 
of the centres ot tlie holes. The diameters of the holes will 
be measured to the standards given in (a), and by the 
insertion of suitable plugs, which project from the hples, 
the distance of the centres may easily be measured. This 
case is simple, but a more difficult case is introduced when 
a number of holes in n part have to be positioned so that 
their relative positions must bear a certain mutual relation, 
e.g., a series of holes in the flange of a cover to pass over 
studs in a casting. In ordinary practice it is sufficient if 
one set of holes be marked off by liand and drilled as nearly 
as possible in their correct positions; the other part is 
generally marked off from these holes and drilled, adjust- 
ment being made as necessary in fitting together. For 
economical manufacture in quantities, both ports must be 
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drilled in jigit, and the tolerances allowable in snch jigs 
form the real problem. 

Fig. 7 shows the conditions which must be observed in 
order to obtain interchangeability on these holes. The 
holes in the cover must, in general, be what are called 
“ clearing " holes, i.e., theie is a considerable allowance, 
oi the oidei of to * inrhes, on the diameter at the 
covei hole ovei the dinmetei ot the corresponding stud in 
the casting. So, assuming the diameters of the studs and 
holes to be collect (their tolerances would be, say, plus or 
minus 001 inches), the effect of the clearing allowance 
may be considered by reference to the figure. In such a 
case it is clearly not sufficient for the distances between 
each two successive holes to be considered; it is essential, 
also, to keep each hole, within definite limits, to its nominal 
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position uith regard to all other holes. Thus the problem 
resolves itself into deciding the variation permissible, in 
all diiections, in the position of each hole. If Z> be the 
diameter of the holes, and d be the diameter of the studs, 
then (D—d) is the amount of clearance allowed. If t be 
the maximum distance, in any direction, by which any hole 
may he wrongly placed, from o consideration of Fig. 7 
it uill be seen that t = ^(D - d). And, if r bei the nominal 
distance of the centres of two holes, then the dimension 
must fall between the limits (r+2t) and («—2t) for inter- 
changeable prodnetibn. And a tolerance of plus or minus 
2t is the maximum which can be permitted between the 
centres of any two holes. Thus, with a casting to which 
is secured a rover by i-inch studs, the clearing libles in the 
cover being f + sV inches, the value of t becomes '004 inohes, 
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In order to produce work to this degree of accuracy, the jigs 
from which the holes are drilled must he sufficiently correct 
so that the centres of their holes are accurate within a 
permissible value of, say, ‘0005 for t. The high standard 
of work in the tool room of a firm engaged on engineering 
manufacture will be realised when such tolerances are 
considered. 

(e) Special shapes: tapers, splines, serrations. — ^Tapers 
form u s ery eflicient means of mating one part with another 
where the two parts must be accurately concentric. When 
fitted with keys, they also form a satisfactory means of 




transmitting torque from one pert to another, such as 
from a shaft to a gear<wheel or propeller. In order to be 
efficient, however, these must be very carefully made. The 
fitting of the hollow pert on to the shaft ensures a rigid 
alignment of both, nhile the keys are only called upon to 
withstand pure shear; further, if the tapers are well fitted 
and pulled up tightly together, some of the torque may be 
taken by the friction of the two parts, thus lessening the 
demands on the key, a desirable point, particularly where 
the torque to be transmitted is not uniform. It may be 
added t^t, in addition to the good fit of the tapers, the key 
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Bhould be a good |tus)i fit nr light drive fit in the sides of 
the eorresponding keyway, but should be clear on the top. 

It is necessary, therefore, in manufarturing tapered 
parts in quantities to lay down very definite degrees of 
accuracy in the taper. Magneto drives form an important 
example of surh production, and tapers have been standard- 
ised for these by the British Engineering Standards Associa- 
tion. Topers are measured as 1 inch in change of 
diameter in x inches length, or briefly, 1 in at. In practice, 
tapered work is made direct to gauges— direct measure- 
ments are not taken — but it is always desirable in check- 
ing, say, a plug under manufacture, with a taper ring 
gauge, to use some kind of marking, e.g., prussian blue, 
in order to ensure contact between them over their whole 




lengths, as a slight difference in the angles of taper of these 
IS not very noticeable when checking without marking. 
The correctness of the angle of a taper, either plug or ring 
may be regarded as sufilcient for practical demands if 
checked in this way. Foi checking the ditameters, so that, 
at a particular point they fall within certain permissible 
limits, the gauges are marked as shown in Fig. 8, (a) and 
(h). The plug shown in (a) is marked at a distance “ t ” 
as shown, and, if the end of the part to be gauged falls 
between the etched mark and the end, the diameters of the 
part may be adjudged correct. Similarly, in (6), a pro- 
jection is shown to the face of the ling gauge at distance 
" t” BO that the end of the plug part to he measured should 
fall between this projection and the face of l£e gauge^ 
From what has been said above, the value of t will be 
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f-thousandtliH of on inch for a taper of 1 in if the toler- 
ance on the diameter be *001 inches. 

Splined drives form a very important class, since 
rotary motio-n between two parts is prevented while axial 
motion may take place — gear boxes for automobiles and 
machine tools make use of splines — . Fig. 9 shows the shape 
of splined drives, whence it will be seen that the dimensicne 
A, B, and C are of importance. In such a shape, it will he 
realised after consideration that all of A, B, and C 
influence the setting of the outer part relatively to the 
shaft as regards concentricity. Tn most machine parts, it 
IS genera 1, in pntctieo, to allow only one dimension to give 
location in any one direction, but with splined shafts at 
least two, B and C, or A and C, are made within close 
limits, while the thinl is arranged to give ample clearance 
The following particulars, taken from a practical case will 


expli 

ain this : — 
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Tlie same kind of fit is arranged, in this case, both on 
dimensions A and C. The grooves in splined shafts are 
generally form-nulled, which demands great care to achieve 
this degree of accuracy; the hollowed parts sire, however, 
broached, so that, if the broach is correctly made, accurate 
and interchangeable production should follow. 

A serrated shaft is shown in section in Fig. 10. This 
may be used in cases similar to those in which splines are 
used, except that, while it is ideally suitable for the trans- 
mission of torque, it is not eminently suitable for relative 
motion of the parts parallel to their axes. The methode 
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of producing’ the Aafts and bores axe similar to those of 
splines, but, on account of the fact that the important 
surfaces are not parallel one to another, the difiBculties of 
production of shafts are inotreased. The angnlar positions of 
the grooves relatiye to each other are even more important 
than in the cose of splines, and the angles of the grooves 
also demand grait attention. The measurements of serrated 
shafts are earned out in similar ways to those of screw 
threads, and, as the latter subject is to be dc^lt with in a 
coming paper, the leader is referred to that paper. 

SerrutionH have been used for mounting gear wheels on 
erankoshaits of aero engines when these wheels transmit the 
whole power of the engine. Another example is in the 
British Standard Air-screw Boss which has been adopted 
bv the Hoyal Air Force. 

The tolerances given in the diagrams are intended to 
apply to the work. Gauges and other appliances are used 
for producing and measunng the work. These, too, must 
necessarily have errors and therefore tolerances must be 
arranged to apply to them. Such jigs, fixtures, tools, and 
gauges are produced, in general, in the jig and tool depart- 
ment of the manufacturing firm. These tolerances are, 
therefore, termed tool-room tolerances, and are of the order 
of 26 per cent of those allowed on the Newall ** A ’’ holes. 
The necessity foi the extremely fine tolerances worked to — 
and sometimes thougbi impracticable, or at any rate 
unnecessary, by those not familiar witii the condition of 
engineering manufacture in quantities — becomes obvious 
when the objects of the work in the tool-room are 
considered. In the tool-rooms, too, definite standards of 
comparison of length, must be present. Those of J<diaiiB6on 
are in common use in this oontitry. Such standards are 
produced and tested under laboratory conditions and must, 
naturally, be to a much higher degree of accuracy — 
Johansson’s are guaranteed correct to within plus or minus 
00001 inches on any dimension. 

The present paper, of necessity, touches only the fringe 
of a subject which is of the greatest moment to ceirtam 
branches of engineering 
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SOME FEATURES IN CONDENSING PLANT 
OPERATION. 

By O F HARDT. M 8o 
[Head Febraary 21«t, 1921 ] 


Section I. — Dependence of Condenser Effioienot on Air 
Pump Cipacitt and iNAorDFE Zones/’ 

In the design of surface oondenserB it is usual to 
proportion the cooling surface either upon the Indicated 
Horsepower of the prime moyer, or upon the probable 
weight of steam to be condensed per hour; and the volu- 
metric displacement of the air pump is based upon the 
quantity of condensate to be extracted. 

Proportions in practice are as follows: — 


Tabu I. 

JfctfiiM enginti (Meroaatlle). Oondenaer >arfaee--l *25 to 1 *5 tgutan 

feet perl.H.P. 

Air pump ospsoity— 1 1 oubio fert per lb. of steem oondsnied. 


Nsvsl praotMO (T.B. Destroyers). Oondoiser snrfsoe— -4 square feat 

per 6.H.P. 

Air pump oapaoity— *28 to *25 oubto feet per lb. of steam ocmdenaed. 


Twbo M$eincal Poww PkuU, Condenser suifeoe->2 square feet 

per KW. at 28* Tammm. 
2*5 square feet per KW. at 28^ 


Air pump oapaoity. .65 onbio feet par lb. of staam at 26* Taouum. 

*8 »9 •» ft W* 

I'l M »» f» 88* 

Oondensing plants designed on the above proportions 
are essentially a compromise between efficiency and 
practicable dimensions or initial cost, they show on analysis 
evidence of extreme inefficiency. 
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The proportions of the air pump are principally, 
responsible for this lack of efficiency, as this method of 
proportioning takes little or no account of the quantity d 
air which has to be efztracted from the condenser. The 
quantity of air carried into the system is proportional to 
the water evaporated in the boiler, but incidental and 
insiduous air leakage are factors which cui only be allowed 
for by extremely extravagant proportions in cooling 
surface, and in capacity of air pump. 

Stavdauds of Efficiunot. 

The following standards of efficiencies are here 
adopted : — 

(1) Vacuum E^icxency — 

Actual vacuum in condenser. 

Vacuum corresponding to the air pump diichar^ 
temperature. 

( 8 ) Thermal EfiUstenoy — 

Temperature of air pump suction. 

Temperature corresponding to the vacuum. 

TRX TmCPBBATUBE BiSE IN THE CiBCULATINQ WaTEB 
DUBiNe ITS Passage througb the Conbenseb. 

The curves published by Prof. B. L. Weighton in his 
paper “ The Efficiency of Surface Condensers show that 
the temperature rise of the circulating water takes {dace 
wholly or in major part in the two upper water pawes, 
indicating that the heat transmission is confined princi- 
pally to these two passes. 

Prof. Joase displays this same fact, the curves on 
Diagram 2 being reproduced from his results.* 

In ctirve 8 the exhaust steam did not contain much air 
whilst in curve 3/06 kilograms of air were allowed to leak 
in per hour, and about 40 per cent, of the cooling surface 
is absolutely iiumtive. 

* Vide Tmu, Iiut, Kmel ArekiitetH 1008 L 
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“ Active ” Airn “ Inactive ” Zonbb. 

The evidence reviewed above shows that the cooling 
surface may be divided into two oomparativdy distinct 
portions or sones, an upper portion which may be termed 
an “ active ” sone and a lower portion or “ inactive ” 
sone, the active sone is that one concerned in the actual 
condensation of the steam. The surface in this sone is 
highly efficient, giving an extremely high heat trans- 
mission co-efficient. 

At the end of the active sone practically the whole of the 
steam is condensed, and with tW usual percentage of air 
present the temperature of the air steam mixture at this 
point is only slightly lower than the temperature of the 
entering steam, but the volume per pound of the mixture is 
too great to be within the removal capacity of a mechanical 
air pump of practicable dimensions. 

Herein lies the function of the inactive sone, vis., to 
cool the air and de-vaporise it, thereby greatly reducing its 
specific volume. 

This ooncmitration can only be performed by a reduction 
in temperature causing condensation of the rmnaining 
steam, and resulting in the mixture becoming richer in air 
o(mtents. 

This condensation tsihea place at an exceedingly great 
disadvantage owing to the redaction in rate of heat trans- 
mission dus to the relatively large weight of air present. 

It follows that the extent of the inactive sone depends 
upon the volumetric capacity of the air removing apparafus, 
and that this dominates, to the exclusion of other factors, the 
average heat, transmission co-efficient of the surface as a 
whole. r** 


EmOlENOT OF THF INACTIVE ZONB. 

The air vapour mixture being very rich in its air 
contents, the heat transmission coefficient will approxi- 
mate to that of pure air whidt is a w^-known heat 
insulator* 
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The ooeffioient of heat tranamiuion for air according to 
Josse* depends upon the speed of flow of the air and also upon 
the absolute pressure; but at a pressure of *11 atmosphere 
(26f inch vacuum) it does not vary much with the speed of 
air, and in no case does it rise above 6 at this pressure. For 
comparison with this Josse gives 20,000 for pure steam. 

Hence it will be seen that the inactive cone is extrmnely 
inefficient, and that the direction in which surface economy 
may be promoted is in the elimination of that portion of the 
tube surface where the lower order of heat transmission rate 
prevails. 

Diagram III., Figs. 1, 2, 3, which represents conditions 
in a condenser working at 27 inches vacuum, shows the 
percentage of steam condensed by reduction in temperature 
when associated with air in the ratio of 1 of air to 3640 by 
weight of steam entering the condenser. This proportion is 
usually accepted as representing average practice. 

Figure 1 shows the percentage of steam which is con* 
deused, and it will be seen that for IP F. fall in tempera- 
ture from the temperature of the incoming steam about 
905 per cent, of the total steam is condensed. 

The portion of the condenser above this level may be 
regarded as the active xnne, and obviously, practically the 
whole of the heat transmission takes place above this level 
and corresponds with the temperature rise in the circulating 
water. 

The density and composifton of tiie mixture are shown by 
abscissae on Fig. 2, measurements to the left of the vertioal 
representing weight of steam per unit volume of the mixture 
and those to the right representing weight of air per unit 
volume. As condensation of the steam proceeds, the relative 
weights of air and steam will change and the air being nmi* 
condensible becomes the chief constituent. 

Figure 3 shows the volume in cubic feet per lb. of air 
saturated with water vapour at the pressure existing in the 
^ndenser at each of the temperature levels. This volume 
may be regarded as a measure of the necessary withdrawing 

* yid« Ragtn— ringj BMember, 1909. 



capacity of the air pump, the Tolume at the last tempezatuie 
being denoted by » in Fig. 3 and in the following compari- 
son: — 
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It will be observed fiom the above that if the volume 
of air and vapour is extracted from the condenser the temper- 
ature at the condenser bottom will be 108^ F., as couijiared 
with 80° F. for volume 

Since with the I'ommon air-pump the teniiierature of air 
pump discharge is practically the same as that at the bottom 
of the condenser, the latter may be taken in calculating the 
thermal efficiency as has been done for the fourth line in 
Table n. 

The DEFREbbiQK or the Air Pump Suonov Tbmperatvrb 
AS iH Index or Surface EmciEiroT. 

Examination of the results of a number of tests on com- 
mercial condensers indicate a relation between the heat 
transfer coefficient and the difference between the steam 
temperature at the condenser inlet and the air temperature at 
tile outlet. 

The surface efficiency for a large number of commercial 
condensers are plotted against the difference between steam 
inlet and air suction temperatures on Diagram IT. 
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From the indination of the curve it will be seen that 
tiie reduction of eurfaoe efficiency i» more pnmounred for 
a small increase in temperature depression when the initial 
depression is small than when it is Isurge. 



Sjsctiom II. — Affmcation of Steam Jet to Heciprocating 

Am I’tiMp. 

It has been shown that for the inaintenance of any given 
vacuum with the ordinary proportions and airangemont of 
condenser working in direct communication with an engine 
driven reciprocating air pump a considerable portion of the 
tube surface must be employed in devaporising the non- 
condensible gases, so as to give the degree of concentration^ 
necessary to bring them within the volume fixed by the 
capacity of the air pump. 

The consequent reduction in the amount of surface avail- 
able for steam condensation renders it necessary to work 
with a large mean temperature difference between the steam 
temperature and the temperature of the circulating water. 

The usual proportions adopted in practice wdth ordinary 
wet air pumps regarding tube surface and sise of pumps 
Koder it impossible to secure the requisite degree of air 
fioucentration under conditions of high circulating water 
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temperature or abnormal air leakage, except with a tall in 
Taounm. 

In the system to be described these disadvantages are 
avoided by the adoption of an arrangement whereby the air 
pomp is in direct communication with the vondenset for the 
purpose of withdrawing the eondetuaU only, together with 
the employment of a steam jet of much greater capacity than 
that of any practicable sise of air pump for the extraction of 
the air and vapour. 

A considerable proportion of the tube surface which in 
the ordinary arrangement of condenser would be devoted to 
the work of air concentration is thus made available for 
steam condensation, and permitting of the employment of a 
lower mean temperature difference between the steam and 
the cooling water. 

After withdrawal fiom the condenser by the steam jet 
the air is further devaporised in a small jet condenser 
supplied with cooling water from the hotwell and finally 
withdrawn \fy the air pump for expulsion to the atmo^here 
in the ordinary way. 

The vacuum in the system will therefore principally 
depend upon the amount and temperaluie of the air passing 
to it, but since there is no diiect communication between 
the air pump and condenser the vacuum in the main con* 
denser is independent of that in the au pump system. 

The redaction in the quantity of cooling water required 
at normal temperatures together with the flexibility of the 
steam jet as an air withdrawer provides the system with a 
reserve of capacity which enables an economical degree of 
vacuum to be maintained under conditions of high oiron* 
lating water temperatures or abnormal air leakage. 

The steam supply for the stetun jet may be obtained by 
diverting a portion of the exhaust steam from the centrifugd 
oiroulating pump engine, and as the whole of the heat oon* 
tained in this steam is oonserved in the feed water the use 
of the steam jet doea not entail any thennal loss. 
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Detailed DESOSsmoN of ak Ikstallatioh. 

Defeirring' to diagram v., A is main oommnnication 
alnire Tolve which is kept closed when the steam jet is in 
operation, thus isolating the air pump from direct com- 
munication with the condenser as regards air and vapour 
extraction. 

Air and vapour are continuously withdrawn from the 
condenser by a steam jet at B and discharged into the small 
jet condenser G where the steam is condensed by direct con- 
tact with cooling water drawn from the hotwell. 

The air is then extracted from the jet condenser C by the 
air pump and discharged to the atmosphere. 

The condensate meanwhile jtasses down pipe ,D and is 
transferred to the air pump through the water sealing loop E, 
the balancing column of water F being maintained in pipe 
D by the difference in pressure between the air pump suction 
and the condenser. 

It is possible (within the limits of the available height 
for this balancing column) to make the air in jet condenser 
0 at any pressure in excess of that obtaining in the condenser 
which may be dictated by the prevailing conditions of 
operation. 

The supply of steam for the jet is taken from the exhaust 
pipe of the centrifugal circulating pump engine, the 
remainder of the exhaust steam being passed into the 
auxiliary line through the spring loaded valve G whereby a 
constant back pressure of 10 lbs. is maintained at the 
'irculating pump quite independent of any fluctuation of 
pressure of the auxiliary exhaust steam. 

The chief objects of the above method of operation are : — 

(a) To appreciably reduce the amount of tube surface, 
by eliminating the inactive sone. 

(b) To relieve the condenser of the maximum of vapour 
consistent with the heat absorbing capacity of the water 
sprayed into the secondary condenser, 

(c) To bring the temperature of the oondeneate and 
the tempemture corresponding to the vacuum at the point of 
withdrawal to approximate equality under working con* 
ditioiu. 
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The temperature of oondeneate cannot exceed the 
temperature corresponding to the vacniun, but provided 
the disposition of tube suiface is well considered that the 
condenser of such design to facilitate air concentration and 
the air extracting apparatus of sufficient volmnetrio 
capacity, it is possible tor the condensate to be within 
1° F. of the vacuum temperature. 

(d) To withdraw from the condenser a large weight 
of vapour per lb. of air, the heat in this vapour to be 
absorbed by the feed water instead of being transferred 
to the circulating water and wasted. 

Awaltsis of Rbsults SHOwnra Coicpabison Bnrwxmr 
WrrHDSAWnro Capacitt op a Stbam Jbt and Bboipro- 
cATHfo An Pniip. 

The author has carried out a large number of experi- 
ments for the purpose of comparing the relative air-with- 
drawing rapacities of steam jets and air-pumps. In 
presenting here the results of some of these experiments, 
the effective volume of the reciprocating pump per stroke 
is taken as the volume of bucket displacement less the 
volume occupied by the condensate. For comparing the 
performance of the steam jet with the reciprocating pump, 
an effective efficiency has been adopted. This is defined 
as 

Tol. withdrawn by steam jet per unit time. 

Displacement Yol. of air pump per unit time. 

For the sises of steam nossles experimented with, the 
effective efficiencies at any air pressure were practically 
constant; also the tolumetrio efficiencies of this type of 
reciprocating air pump are practically independent of their 
sise. The results of the tests can therefore be exhibited as 
in Diagram VI. 

On this diagram the efficiency is plotted against the 
air pressure. 

The inclination of the effirienoy curves for tiie pump 
is directly opposite to the efficien<7 curve for the steam 
jet, the volumetric efficiency of the steam jet increasing 
when eztnusting the air at tiie lesser pressure, whilst 
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the yolumetrio efficiency of the wet air pump rapidly 
decreases. 

These curves show the range of pressure in which 
either method of air extraction may be used to advantage. 

It 18 evident that the steam jet should be used for the 
purpose of extracting air at extremely low density, and 
the reciprocating pump for a higher density. 

The following (see Diagram YI.) mdirates what may be 
done in practice, the steam jet extracting air and vapour 
at an air pressure of -2 inches absolute, compressing the 
mixture to an air pressure of 4‘36 inches absolute, and 
discharging into the jet condenser. 

The reciprocating pump withdraws the air from the 
jet condenser at 4 30 inches absolute and discharges 
to atmospheric pressure. By this means the highest 
portion of the efficiency curves of both air extracting 
devices is made use of, the steam jet working at 800 per 
cant, effective efficiency, and the reciprocating air pump 
working at 90 per cent, efficiency. 

It will be observed from the diagram that to produce 
'2 inch absolute pressure of the air by means of the 
reciprocating pump, the pump would be working at 10 
per cent, volumetric efficiency whHst the steam jet may 
be employed at 800 per cent, volumetric efficiency at this 
air pressure. This means that the steam jet is actually 
removing^ 80 times that volume of air and vapour from 
the condenser which the reciprocating pump could remove, 
or conversely if the steam jet were replaced by a 
reciprocating pump, the capacity of the pump must be 
increased 80 timeSi 

Sscnoic III.— Pbaotical AFFticxTioif or this Mstbod nr 
Casoo Ybssk.. 

CoHPABisoir OF PsBFOBUAircE OF CoMDBiTsiiro Plaht Fimo 
WITH OoiCBuriD Rteah Jkt aitd BsdPROOATnro An 
PuKF System aeo CoimEirsnro Plaets of Obdieaet 
DbsIQE as IeSTALLED IE OaBGO YESSBIjS. 

%lie results given in Table III are obtained from an 
ordinary cargo vessel engine, the condenser having ill. 
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ft. of cooling suiface pei I.H.P. and the aii pump capacity 
being ^ that of the low pressure cylinder, the condenser 
and air pump being of ordinary design. 

The ie<«ultB given in Tables TV and Y are obtained 
from an engine of similar general design and power. 
The condenser of this engine has 1 sq. ft. of cooling 
surface per I.H.P. and is fitted with the steam jet and 
reciprocating air pump system similar to that shown on 
Diagram Y. 

Results from ordinary cargo vessel fitted with ordinary 
wet air pump (Edwards t 3 rpe): — 
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Results from ordinary cargo vessels fitted with combined 
leciprocating air pump and steam jet: — 

Indicated horse power of main engines 2,800. 
Cooling surface in condenser » 2,300 square feet. 

Air pump (single bariel)»21 inches x 24 inches. 

r.ilin.UriL ** X X 68 

CylmderB ^ 

Ratio of air pump rapacity to L.P. cylinder 
capacity 

6 
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Tabu IV. 



The results shown in 'J'ablee III, IT, and V are taken 
from sister ships by the chief engineer of each respective 
diip. It will be noted that the d^ta has been taken on 
■aocessive days during a voyage, this accounting for the 
variation in the sea temperature, the inlet circulating 
water temperature. 




























It 18 considered that the “ aurtace efficiency ” defined 
M the ratio 

Temperature of riroulating water outlet, 
Temperature ooiiesponding to oondenser Tacuum, 

18 the real measure of performance 

The average fall in temperature from the top to the 
bottom of the condenser is only 5*^ F and 1 F (Tables 
IV and V) with the combined steam jet and reciprocating 
pump system, whilst with the ordinary system the fall in 
temperature is 31^ (Table III) 
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THE CONCEPT OF BEHAVIOUR FROM THE 
STANDPOINT OF BIOLOGY. 

Bt F W FLATTBLT 
[Bead December, 1020] 


The tendency of the preeent-day biologist to study 
animals* in relation to their normal environment, and not as 
isolated units, has greatly influenced his attitude towards 
the problem offered by their activities. It has led him, in 
particular, to recognise the importance of environmental 
factors in governing animal actions and reactions, and 
hence to the (‘onclusion that much cun be leuiut aliout them 
by the employment of puiely objective methods, with* 
out reference to considerations of “ mind,” ” motive,” 
” consciousness,” and the like. 

In addition to the influence of the ecological method of 
inquiry, the extremes to which anthropomorphic interpre> 
tations were so often pushed, and the complete disregard 
of the profound differences in the nervous organisation of 
higher and lowei forms, also helped to bring about a 
reaction. This is, however, by no means the first time 
that a levolt from the older viewpoint has occurred. Thus, 
in France, the extreme unthropomorphism of Montaigne 
may be said to have provoked the pronouncedly mechanistic 
theories of Descartes. Again, the outbreak of anthropo- 
morphism which followed, curiously enough, the careful 
and valuable observations of Reaumur, led to the 
appearance of an opponent in the person of Lamarck who 
questioned the statement that the functions of the brain 
are of a different order from those of the other organs of 

* Since no one doiubte the edequaey ol the objectire method 'to 
supply sa explanetiea of plant behaTlow a dlseneeioa of thle br n a eh 
of the snbjefd is nnneeesee r y to our present purpoee 
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the body, and saw in the term esprit, for instance, merely 
a device to evade difficulties, which it was found impossible, 
owing to ignorance, to surmount legitimately. In his 
stand against anthropomorphism, and in his objection to 
terms which have their oounterpart in expressions such as 
“ psychic ” and the like Lamarck may be regarded as the 
torerunner oi the modem behaviourist (Bohn, 1911). 

The term behaviour '* would seem to owe its incep- 
tion in biology to nothing more than the reluctance felt by 
a certain class of workers to make use of words which have 
a metaphysical flavour. It would now, however, appear 
to have acquired a more precise significance, since a school 
of “ behaviourists,” headed by Prof. J. B. Watson, has 
arisen with the intention of applying to the study of man’s 
reactions the same objective methods which have been 
employed by the biologist. 

The task that has been set the writer is that of discuss- 
ing the concept of behaviour from the biological point of 
view Unfortunately, however, biology or, at any rate, 
the biologist has no precise viewpoint. Biology numbers 
in its milks woikers, such us Jacques Jjoeb and Hans 
Dric^h, who stand at opposite poles in this matter. 
Pethaps it would be mote coirect to regard the one as a 
physiologist and the other us a philosophei, but it is lertain 
that they would consider themselves (uud rightly so) 
biologists. The wiitei, therefoie, cannot claim to state 
the views of biology as a whole, foi the teim is far too 
comprehensive, but merely those ol that sertion which 
regards the methods of exact science as most likdy to shed 
real light on the problem of animal behaviour, and which 
18 of Loeb’s opinion (1918) that since we know nothing of 
the sensations of the lower animals, at any rate, and ore 
quite incapable of measuring them, there is at present no 
place for them in science. 

By emphasising the necessity for employing the methods 
of exact science, the behaviourist does not mean to rule out 
speculation, bnt he demands that the speculations should be 
formulated in snph terms as to allow of their being tested 
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by the methods Oft experimental science. This is a point 
rightly emphasised by Prof. Watson. 

At this point probably the best motliod oi enlisting 
support for the behaviourist will be to bring forward one 
or two examples of what the objective method has already 
achieved in the field of animal conduct. Before doing so, 
however, we must draw attention to a very important 
divergence of opinion among those biologists who would 
probably also call themselves behaviourists. This has its 
origin in the fact pointed out by Loeb (op. rtt.) that many 
biologists still cling to the view, a legacy from Anstotle, 
that an animal moves only for a purpose: either to look 
for food or to find a mate or to undertake something likely 
to secure the survival either of the individual, or of the 
race. Heie again, the writer shaies Loeb's opinion that 
science began when Galileo overthrew the Aristotelean 
mode of thou^t and introduced the method of quantitative 
experiments which leads to mathematical laws free from 
the metaphysical conception of purpose," and that " the 
analysis ^ animal conduct only becomes scientific in so tar 
as it drops the question of purpose and reduces the 
reaction of animals to quantitative laws " (Loeb op. eit.). 

From this point of view, the drawback to Jenning's 
(1906) “ trial and error " theory, uhich has acquired a very 
considnable vogue, is that it is baaed essentially on the 
purposive conception of behaviour. The merit of Loeb, 
on the other hand, is to have avoided this bias and to have 
attacked the subject of behaviout with an open mind. Aa 
a lesult he has been able to formulate the first theory of 
animal conduct capable of being tested experimentally, 
vis., the tropism theory. 

A tropism — the term has long been familiar to plant 
physiologists — is an obligatory response nnder the direct 
compulsion of an external itunulns, as when a moth fliea 
into the flame of a candle. The atimulns need not he 
provided by light; similar rsaotiims occur in relation to 
Sgavity (ifeotropum), contact (iterwtropitm), chemirel 
inhstances (chemotropitm) and so on. Hie esplanation ef 
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this type of behaviour it based on the symmetrical struoture 
of t^e animal, symmetrical not only as regards stmctnie 
but physiologically as well ** inasmuch as under normal 
conditions the chemical constitution and the velocity of 
chemical reactions are the same for symmetrical elements 
of the body surface, s.p., the sense organs ” (Loeb op. eit.). 
When a sense oigan of one side is stimulated and not the 
corresponding one of the other, as when light strikes mie 
of the eyes, the physiological symmetry of the brain is 
disturbed and this disturbance being communicated to the 
muscles of the more illumined side they are thrown into a 
state of increased tension. The effect of this is to cause the 
animal to turn head and body until both eyes are equally 
illuminated when, the pby8i<dogical symmetry being 
restored, the animal proceeds in a straight line towards the 
source of light. It is inaccurate to speak of a tropiam as 
a reflex act. Reflex movements concern part of the body 
only, moreover they depend upon a particular arrangement 
of nervous units. 

An important feature of tropisms is that they may be 
modified or even completely i evened by (hauges in the 
eztemid mediiun. Thus, it is sufficient to add a little GO, 
to the water containing certain negatively phototropic 
Crustacea (species of Daphnta) to cause these animals at 
once to turn towards the light. 

Now, this fact, according to Loeb, is capaUe of 
shedding new light upmi the type of behaviour known as 
instinctive, and if such is the case then this distinguished 
worker deserves our thanks, for it is notoriotu that while 
biologists and otheia have spent a considerable amount of 
time in extolling the wonders of ** instinct,” they have 
apparently thought it either useless or beyond their powers 
to subject them to scientific analysis. 

The view put forward by Lmb (op. ok.) is that the, 
theory of tn^isms is at the same time the theory of instincts 
if one takes into cMsideration the part played by qhemical 
substances in modifying the tropistio response^ Beferenee 
has been made to the revenal of the behavioar towards 
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light of certain freshwater Crustacea by COg. Now, it is 
well known that the body itself produces from time to time 
chemical susbtances known as hormones, and these may 
influence responses in just the same way as does the COa 
in the case of the Crustacea, since, as Jjoeb points out, it 
makes no difference whether such substances as acid an 
introduced into the blood from within or without the body. 
Let us bon’ow a favourite example of Loeb’s. The butteis 
fly Porthesia rhrysorrhcea lays its eggs upon a shrub. 
The larvae hatch out in Autumn and hibernate on the 
shrub, usually close to the ground. In Spring the cater- 
pillars leave their self-constructed nest and crawl up the 
stem to feed on the young plant buds. Should they crawl 
downwards they would starve, but they never do crawl 
downwards. What is the cause of this remarkable 
behaviour P According to JiOeb, the upward movement of 
the caterpillar is due solely to the influence of light upon 
the physiological pna-esses taking place within the body. 
These processes, acting in relation with the symmetrical 
structure of the nnimnl, bring ohout n movement directly 
towards the light. In other words, the larvm on becoming 
active after their winter rest are positively heliotropic. 

As soou as the caterpillars have eaten the few young 
shoots at the top of the plant, they nt once turn downward. 
The upward tendency which at first saved the animal’s life 
would now, if persisted in, lead to its downfall. What 
brings about this lemnrkable change of behaviour I’ Simply 
the fact that the process of feeding has effected changes in 
metabolism which lesult in the animal becoming 
indifferent to light ; these chemical changes, in fact, 
abolish the heliotropism just as the COg arouses positive 
heliotropism in the case of the small freshwater Crustacea. 

Experimental confirmation of the above facts may be 
obtained by placing starved and fed caterpillars of this 
species in separate test-tubes and submitting them to the 
same source of light. The unfed caterpillars will make 
their way towards the light and stay there while the fed 
one's remain completely indifferent. 



In connectiim with this interpretation of instinctive 
behaviour it is interesting to remark on the view which is 
now beginning to be held, that the main factor concerned 
in the spawning migrations of fishes, such as the salmon, 
is a chemical substance or hormone. In tact, a recent 
scheme of Professor Meek’s for the mvestigation of the 
salmon of the Coquet provides for the possible isolation of 
such a hormone. It is thus becoming evident that the fact 
that an action or series of actions is ** instinctive ” need not 
prevent our attempting its analysis by objective metiiods 
In the course of an informal conversation upon the 
subject of behaviour with Prof. Hoernld, the latter asked 
the writer whether or not he thought a higher animal such 
as a cat or a dog capable of “ learning ” and what place 
would the term “ learning ” take in a scheme of objective 
psychology. The writer leplied that he thought it certain 
that animals such as those mentioned were capable of 
learning, and in precisely the same sense that we interpret 
that process in ourselves. But it is evident on the other 
hand that the term “ leaining ” requires to be employed 
with very considerable care It is not, strictly speaking, a 
scientific term : we have very little conception of the 
mechanism of learning; we know, foi instance, that in 
ourselves and in the highest types of animals it is 
associated in some way with the cerebral hemispheres. But 
how far is it poesiUe to be sure that what we call learning 
m man and in the highest animals and what has been 
(ailed learning in forms such as anemones, spmiges, and 
even Protoaoa belong to the same order of phenomena P 
When a piece of meat is placed upon the tentacles of a sea* 
anemone several times in succession, the tentacles on each 
occasion give a characteristic enveloping reaction. If, 
now, a piece of blotting paper is substituted for the meat 
the tentacles at once react in the same way. But if one 
continues to offer the anemone blotting paper instead of 
meat the tentacles eventually cease to give the reaction. 
Pan the anemone now be said to have leamtP 

When a muscle is stimulated several tjmes in succession 
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the effect of the second or third m latw stimulation may be 
greater than that of the first, but gradually the reaponM 
weakens and eventually it becomes aero. In tiiis case no 
one feels the necessity of giving other than a physico- 
chemical explanation, and in fact such a one is soon found 
in the varying degree of hydrogen-ion concentration. But 
may not the behaviour of the anemone be due to analogous 
causes, and is it not the duty of scieure to exhaust such a 
possibility before taking refuge in transcendentalism? 

Leob thinks that we can speak of learning only in such 
organisms in which the existence has been proved of what 
he terms “ associative memory,’* and this theory has been 
developed by Bohn (1909-1911). The term menioiy is 
likely to prove equivocal, but the business of a behaviourist 
is to make himself understood, and it is not his fault if the 
whcfie of language is saturated with human meaning. By 
“ associative memory " is meant ** that mechanism (ot 
which we are so far ignorant) by which a stimulus produces 
not only the direct effects determined by its nature, but also 
the effects of entirely different stimuli which at some former 
period by chance atiacked the <M'ganism at the same time 
with the given stimulus.” Everyone has experienced the 
power of a particular odour, for instance, to call up with 
great vividness a whole number of circumstances which 
impressed him at the same time as the odour. 

Experimental evidence has been obtained of the 
existence of ” associative memory ” in certain species 
among vertebrates, insects, Crustacea and cephalopods, but 
so far experiments have not demonstrated thU phenomenon 
in worms, starfishes, sea-urchins, medusss, hydroids or 
infusorians* (Tioeb, op. at.). In particular, it should be 
noted that the appearance for the first time, in the higher 
Crustacea, of a perfected visual (image-forming) organ, 
meant a great addition to the number and variety of 

* la order to (Atsia sa ianght lato the methods by whieh the 
■treagth ot eueb aesooiatioas mey be meaeared, refSroaoe sboald be 
made to aa Sbroaat of Favlor’s ealivatioa experhaeats. The otlglaal 

papeTt are ia Uuasiaa bnt a eumamry wlU be foaad ia llbrgaUs (see 
bibliography) 
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elements capable of entering into combination with one 
another to bring about a partirular reaction or series of 
reactions. The fart that such combinations are numerous, 
complex and flexible (capable of being modified in a new 
environment) means that the behaviour tends to become 
less predictable and more “ intelligent.” 

The same objections that have been urged against a too 
ready employment of the tenn ” learning ” apply with 
even greater force to the term ” choice.” Crabs of the 
genus Matut, which have the habit ol f ovetingthfarcarapaoee 
with red, green and brown seaweeds, etc., when plac^ in 
an aquarium where the illumination is of different colours 
will make their way to that portion where the colour of the 
light best matches that of the seaweed on their backs, and 
where they are in consequence least conspicuous. 

In a case such as this the justification for endowing the 
animal with the power of choice is, even on the most 
generous view, so exceedingly slender as to make it a duty 
on the part of the observer first to exhaust all the means at 
his command of obtaining an objective explanation before 
BO doing. 

The view which the writer is endeavouring to put forward 
is that of the scientist who naturally wishes to apply to 
the problem of animal conduct the same objective and 
essentially quantitative methods which he has employed so 
successfully elsewhere. The behaviourist is in revolt 
against words which are likely to serve as a refuge from 
ignorance and against explanations of a nature which 
precludes their being tested experimentally. In tbe 
vocabulary of the psychologist there are words with a 
capacity for cloaking difficulties which can only be 
described as remarkable. Such a word, for instance, is 
“ instinct.” Of course, we should all know that 
“ instinct ” is merely h convenient term to describe an 
inherited capacity to perform a complicated action 
accurately at the first attempt, and without apprentice* 
^hip. nevertheless, the fact remains that by hundreds of 
thousands of human beings the term instinct is accepted 
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as providing an adequate explanation of all kinds of 
striking forms of behaviour, such as the migiutiom of 
birds and of fishes, the comb-building of bees and wasps 
and HO on. It cannot be made too clear that the word 
“ instind ” raally explains nothing but iH mei*ely descrip- 
tive of a certain clasH of behaviour. Even as a descriptive 
term it is often misapplied. 

The teim purposive ’’ has perhaps nioi*e raison d*Stre 
than many others, but is hardly less dangerous. It is not 
denied that a very great many activities of both higher and 
lower animals appear to be directed towai‘ds a particular 
end, but is it really a Hatisfaetory explanation of these 
activities to say that they ere purposive? ” Presumably, 
when a biologist calls an animal action or structure 
purposive he is, moi'e often than not, at the same time 
tacdtly a8Hei*ting his belief that it has been developed under 
the influeni*e of Natural Selection. If this is so, then his 
explanation is a degree more satisfactory than that of the 
Aristotelian pure and simple, for he is describing, or at 
least delimiting, the factors which he supposes to have 
produced the behaviour or structure under consideration. 
Furthermore, they are factors which can be investigated — 
not metaphysi<*al abstractions. 

While admitting so much, however, the writer still 
holds that the teleological aigument is somewhat of a 
nuisance in biology. It seems to have its i*efleotton; for 
instance, in a to6 facile interpietation of the theories of 
Darwin ; in an insuflScient wepticism ; in the readiness, for 
example, to interpret a structure or a piece of behaviour 
as adaptive, without experimental proof. Is it because 
the basis of our present human society is so pre-eminently 
utilitarian that an explanation based on “ purpose ” has 
such an irresistible appeal? One of the questions which 
the ordinary layman puts most often to the biologist is 
what is the vse of such and such an animal? ** What 
is the use of a barnacle? ’’ I confess that this is a 
questio[n which I am puuled to answer, I can sketch 
the pfAition of the barnacle in the ** web of life,” indioat* 
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ing its food and itn enemies, but this is not what was 
wanted. Perhaps the best retort is another question: 
“ What do you consider to be the use of pian? ” The truth 
of the matter is that the form of the question implies a 
wrong outlook on life, one which it is the duty of the 
biologist to correct. 

Like all those who disturb long-held beliefs, the 
behaviourist is the victim of much misunderstanding and 
misrepresentation. His attitude towards most of the 
dogmas of classical psychology is not one of denial but 
merely of agnosticism. It is impossible to deny that 
before the advent of the behaviourist theie was no science 
of animal conduct. Human and animal psychology were 
one, since all animals possessed minds and were actuated by 
whatever ** motives ** and “ emotions the human 
observer chose to endow them with. Biology is under a 
debt to the behaviourist for having pointed the way to 
impersonal and more truly scientific methods of analysing 
and interpreting animal conduct. 


SHOBT BIBLIOGBAFHT 

amount of hteratura dealing with the lubjeot of animal 
condact is considerable The following list contains references only 
to works which have a direct bearing on the subject matter of the 
foregoing article In addition to one or two of the most important 
books of a general character, a few papers are included which 
should servs to gire the reader an insight into the methods of the 
beharlonnst 

Bohn, G —La naissanoe de ITntelligence. Paris. 1900. 

La nouTslls psychologis antmale. Pans, 1911 
Attractions et oscillations des animaux marins sons 
rinflnenos de la lumiere Hemolre I Inst, gdndr, 
Psyohol , Paris, 1006. 

Introduction a la psyohologie des animaux a qrmdtrle 
rayonde Bull Inst, gener. Psychol., VH (1007), 
and ym (100^). 

Jsmmrns, H. S —Behaviour of the Lower Organisms, New York, 
1000. 

Loan, G.— Physiology of the Brain and General Psychology, Londoui 
1005. 



94 


Foroed moTements. Tropunu uid Animal Conduct, 
Honognpfac on Ezp Biol , LondoUj 1D18 Oontaias 
a ralnable bibliographj 
Nomorona other worka by the aame author 
tf OBOtriiia, S — The Auditory Beaotiona of the Dog Studied by the 
PavloT Method, A Animal Behaviour, vol lY 1914 
Pavlov a Theory of the Function of the Central Nervoua 
hyitem and a Digeet of Some cf the More Beoent 
Contributions to this subject from Pavlov*! 
Laboratory 

Animal Behaviour. Ibid 

pAaua, G H — The Blementary Nervoua System Monographs 
on Exp Biol liondon, 1918 

Tkombor J a — The System of Anunate Nature, vol I London, 
1990 



THE CONCEPT OF BEHAVIOUR FROM THE 
STANDPOINT OP PSYCHOLOGY 

Bt ABTHUB B 0 KN 80 N DCL 
[Bead December lOSW ] 

Mv task would be all the easier if Behaviouiists had 
all displayed the same scrupulousness in the use of terms 
whuh I find in Mr Flattely’s paper If the terms 
‘ leamingr,” " memory, ’ “ choice ** are not to bear their 
ordinaiy psyohologfioal sense it would be infinitely wiser 
to dilscard them, and in their strict sense the Behaviourist 
18 not entitled to use them, nor does he need them unless 
it 18 to escape unconsciously from the limits of his initial 
abstractions However I must leave it to the biologist to 
argue the case between the notions of behaviour and trial 
‘ind>error in his own field The obvious first question for 
the psychologist is whether mind means anything in man 
We have then to consider, (a) the main theses of 
Behaviourist psychology (b) its claim to dupossess the 
traditional view, and meet the problems which must be 
considered characteiistic of any enquiry which can fairly 
be called psychological 

(a) There are several types of Behaviourism According 
to some, behaviour is only a portion of the field of 
psychology, according to others the whole of it Further 
dillerences arise as it u held neceesaiy or unnecessary to 
study the matter from a philosophic standpoint, and give 
a place to the findings of psychology in a reasonably 
coherent theory of things so far as we know them-^p enter* 
pnse on which, I suspect all of us do in fact ventu^, some 
wittingly, others ununttingly Our preeent discusuon snll 
be limited to Scientific Behaviourism, according jo which 
the task of psychology is the prediction and ocmtxol of 
behaviour — just that and nothing more My aowunt of 
this position IS taken from two books by Profewor John B 
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Watnon,* in which his fundamental principles are stated 
wit]i admirable dearness and precision. And the upshot is 
this. 

The subject matter of Psychology is ** environmental 
adjustment; what man ran do apart from his training; 
what he can be trained to do, and whut the best methods 
for training are ; and finally, how, when the varied systems 
of instincts and habits have sufficiently developed, we can 
arrange the conditions for calling out appropriate action 
upon demand.” (F., p. 9). ” In each adjustment there is 
always both a response or act and a stimulus or situation 
which calls out that response. Without going too far 
beyond our facets, it seems possible to say that the stimulus 
is always provided by the environment, external to the 
body, or bv the inoAcments of manN own muscles and the 
secretion of his glands; finally, that the lesponses always 
follow relativelv immediatelv upon the presentation or 
incidence of the stimulus. These are really assumptions, 
but they seem to be basal onee for psychology. Before we 
finally accept or reje<*t them we shall have to examine into 
both the nature of the stimulus or situation, and of the 
response. If we provisionally accept them we may $uy that 
the goal of psychological st\^y is the ascertaining of such 
data and laws that^ given the stimulus y psychology can 
predict what the response will he; or on the other handy 
given the response, it can specify the nature of the effective 
stimulus."^ (P., pp. 9-10). The terms Rtimulus and 
Response are used in their physiologioel sense; Svtuation 
means a complex group of stimuli, adjustment^ respond 
and reaction are, with Professor Watson, practically 
equivalent terms (P., p, 12). Behaviour is therefore 
physioo — c*hemical change, and is either essphcit or implicit. 
Explicit behaviour ” involves the larger musculature in a 
way plainly apparent to direct observation”; implicit 
behaviour involves ** only the speech mechanisms (or the 

* Behaviour, an Introduetion to Comparative Psychology, Mew 

Toek, 19U (B); Psychology from the Standp&ini of the Behavioufkt, 
iMdaa, ISIS (F). 
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Iftiger musculatore in a minimal way ; e.g . , bodily 
attitudes or sets). Where explicit behaviour is delayed 
(t.e., when deliberation ensues) the intervening time between 
stimulus and response is gi\en over to implicit behaviour 
(to “ thought processes/’) (B. p. 19).* 

Mental imagery is held to be practically non-existent, 
affective processes to be simply muscle and gland activity, 
and with all this the occupation of ii'trospective psychology 
seems to vanish. 

“ Will there be left over in psychology a world of pure 
psychics, to use Yerkos* term? The plans which we most 
favour for psychology lead practically to the ignoring of 
consciousness in the sense in which that term is used by 
psychologists to-day. We have virtually denied that this 
realm of psychics is open to experimental investigation. 
We do not wish to go further into* the problem because its 
future rests with the metaphysician. If you will ^rant 
the behaviourist the right to use consciousnesH in the same 
way that other natural scientists employ it — t.e., without 
making oonseiousneas a special object of observation — ^you 
have granted all that our thesis requires.’’ (B. p. 26). 

Thus, just as the behaviour of animals can he studied 
without reference to their ‘‘consciousness,” so can the 
behaviour of man without refeience to his. In a word, the 
student of human psychology must take up precisely the 
position which Mr. Flattely has sketched es appropriate 
to the bio>logist in the study of animal life. 

(6) It appears that the Behaviourist and the “tradi- 
tional ” Psychologist are asking different questions, and 
that the former flouts the latter for his quite natural failure 
to solve a problem which he never attacked. We may 
entirely agree that the physico-chemical responses of the 
human organism form excellent subject-matter for a 
scientifio enquiry. It does not therefore follow that there 

*ProfeMOV Watson now holds that thinking is not mstsly the 
action of spsoeh-msdianisms. A whole man thinks ifitk his whole 
body in eaw and in erary part/’ Briii$h ronmal of P^hologg, toL 
XI , Pt. I « » 


7 
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oannoi be a science of minds. Tet we are told each an 
enquiry belongs to the metaphysician, and this we should 
have to accept with the same feelings as a pitnniae of 
pa3rnient at the Qreek Kalends, for plainly relegation of a 
question to philosophy and meiaphysios means with the 
majority of Behaviourists perpetual banishment beyond 
hope of solutum. Though this again does not follow. 
Plainly there can only be a science of minds if (a) there 
are minds, and (b) knowledge about them be possible. It 
may help to consider what uould seem to be the facts in 
regard to these points. But as a preliminary it srill be 
necessary to refuse to ignore the agent’s awareness of his 
own mind-field; in other words, to bave recourse to the 
consciousness of the agent, as well as that of the investi- 
gator. For Psychology differs from Behaviourism in this 
vital point, that for the paychdogioal enquiry an essential 
gueslion is. Uf what is the agent conscionaP This question 
the Behaviourist need never ask. Hence it is that 
Behaviourism should never claim to replace psychology. 

It may be objected that I have merely re-introduced 
introspection thinly disguised in a phrase. I do not like 
the term introspection and its c^^t^versial implications. 
All that is required for the ptesent contention is that these 
should be conscious beings, and that they should be able to 
say of what they are conscious ; and these facts nobody will 
deny. But where is there any serious pioof that it is 
unscientific or irrelevant to the " prediction and control of 
human behaviour” to take into aoconnt the consciousness 
of the agent P Nothing mystical or metaphysical is 

claimed. On the contrary, it is maintained Aat gnd 
knowing there is no difference relevant to science betweMi 
knowing that 1 have a headache and that I have a hat. To 
this extent therefore Psychology must be ” introspective.” 

llLere need be nothing metaphysical” in the notion 
of a mind, so far as such a notion is necessaiy for a 
Psychology which claims to be a science of mind. No one 
cares to deny the existence of eonsoiousness in tHe sense of 
awarenesgi, and in that sense only do I use the tem, fiitr 
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M ProfeMor Ward says, the “ manifold ambigoities '* of 
the term " consciousness ” are somethin? of a scandal. 
^Principles of Psychology, p. 21). Eveiy oonaoions beikig 
is an experient and the unity oi a mind is simply the 
unity of different modes of experience (sensing, perceiTing, 
inferring, hoping, fearing, &c) in an individual whole. It ^ 
is true that this unity is sui generu and cannot be exhibited 
as a spatial and physical system, but it is not “mystical,** 
nor does it imply any “ ^ost-th«oiy ** as some Behaviour- 
ists most strangely suggest. It is implied in principle in 
the simple fact that there can be no inference unless both 
premises and conclusion fall within one and {he same mind, 
or that there can be no disappointment unless the mind 
which feels it be the mind which had hoped.* ^ 

Such is the field of the traditional Psychology. It 
presents a genuine problmn but Behaviourism does not 
touch it. 

Behaviourism will be right in ignoring mental processes 
on either of two suppositions, (1) if there are no mental 
processes, (2) if, though mental processes exist, they make 
no difference. The first alternative can only be taken at 
the expense of asserting the bare identity of an emotion of 
fear, for example, with a bodily change involving the 
activity of muscle and gland, and saying that they are 
one and the same event. Such activities may be conditions 
of, or factors in, an emotional experience, but they cannot 
be the emotion. Nor can the emotion be merely the aware* 
ness of such bodily processes : men feared for ages before 
the action of the endocrine glands was known. It is only 
by a series of convulsive efforts that the Behaviourists can 
endeavour to ignore the specific qualitative differenoe 
between such experiences as fearing, hoping, &o., and thev 
undoubted bodily concomitants. Witness the strange 
definition of curiosity as “ investigatory behaviour.** Host 
can behaviour be ** investigatory,** unless the agent wanil 
to know sosnethingP Simil^ly thinking cannot be nadveff 
into ** iffiplicit behaviour,** conotusions do not fbHow frof^ 

* flSs Moafs Jreaesl ef Ps y c fcel C g y, Oh. Hi, IH* * 
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premises according to physioo-cLemical laws. If the 
Behaviourist could overcome his dread of the introspective 
dnd the subjective, it would be interesting to hear from 
him what is implied in addressing arguments to those who 
differ from him. Are the arguments merely marks on 
paper or noises of a certain pattern and sequential order P 
And keeping within the abstractions of the theory, what 
would be the differenre in the marks and noises of one 
converted to Behaviourism and of an unrepentant tradi- 
tionalist P For, ex hypothen^ in each case the consciousness 
of the agent counts for nothing. This brings us to the 
second alternative, vtz . : that though mental processes exist, 
they make no difference to behaviour. But this is simply 
epiphenomenalism — a position as repugnant to the 
Behaviourist as to most other people, and if anyone 
believes that consciorusness is no use, it would be the height 
of ineptitude to reason with him, for the simple reastm 
that, if it be true, he is not entitled to affirm either this or 
any other proposition. 

In short, my position is that Behaviourism is not and 
cannot be Psychology; each tackles a different problem. 
Behaviourism has before it a perfectly definite scientific 
question the answer to which is not yet worked out, but the 
enquiry and its result bear undoubtedly on the findings of 
Psychology, which science has still a long way to go 
laiirely bemuse other sciences have endeavoured to impose 
on it their own categories and methods. 
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THE CONCEPT OF BlHAVIOUll FROM THF 
STANDPOINT OF APPI lED PSYCHOLOGY 

Bt QODiBBT H THOMSON 
IKead !)• ember USD ] 

Ihe inteiasting papeia of Mr Flattely and Profesaor 
Uobmson reach me at a time when the prenaure of official 
duties forbids me to do moie than express crudely the point 
of new which I feel somewh it keenly and which 1 would 
have liked had it been poB<uble to expound with the care 
which its importance I believe warrants Ihia point of 
view 18 that held by many of those who wish to use the 
teachings of psychology to enable them the better to 
influence their fellows to handle men to control 
classes of boys to manage workmen even to sell goods to 
the great British public 

Of these I will confine myself to the class for which 
alone I am in some measure ocnnpetent to apeak those 
engaged in teaclung children All whose duty it is to tram 
teachers recognise that the problem is almost entirdv a 
psychological one and in consequence lectures and exercises 
on psychology have for years been given in training colleges 
and in education departments of university colleges The 
position I wish to uige is put somewhat forcibly more 
forcibly than I would care to defend in its entirety when I 
say that it is my belief that this teaching of psychology in 
training colleges has been of use to teachers in exact pro- 
portion to the extent to which it has approached th( 
Behavumnst attitude and m mverse proportion to the 
^tent to which it has olung to the metaphysical side of 
psychology I repeat that I give this as an extreme state- 
ment of ihe case and one to which I shall myself m a later 
pamgraph take exception but it is ussful to have one’s 
general positun olaariy put m ita naked form et the outset 
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All who have studied the (|aeatioa will agxee that them 
exist English textbooks of psychology which are among the 
best of their kind and are accurate and lucid statements of 
the truths psychology from the point of view which may 
be called the classical or legitimate Many teachers have 
during their period of training studied these textbooks, 
and some of them have even become interested in the 
problems therein considered and contributed somewhat to 
the progress of the discipline But it would be difficult to 
find many or any who would give it as their honest 
opinion that such psychology has in the slightest degree 
helped them in their work of teaching One finds, indeed, 
among teachers the remarkable fact that they have studied 
psychology and still remembei some of the technical 
language of the subjec-t but find it oi no use while on the 
othei hand as successful teai hers many of them clearly have 
a considerable body of psychological knowledge at command 
which they do not reoognire as psychology and which they 
can only express in what is I claim essentially t)ie language 
of Behaviourism even though it be impregnated with 
anthropomorphic terms The teacher knows that if a boy, 
or a whole class acts in such and such a way, then by 
making such and such changes in the situation the teadier 
can with frequent success control the actions of the class or 
the individual He becomes expert at making these 
adjustments and formulates usually some incomplete but 
practical theory to assist him in integrating his devices in 
his own mmd Such theonee are indeed often as I have 
said expressed in terms of the mmd of '* faculties * which 
even the classic psychologists themselves reject and 
generally m the jargon of a psychology compounded of 
popular language and the technical terms of an old text- 
hook But in spite of this the psychology of the eveiage 
leacher, with which he works and m some cases sucoeeda, 
is I claim more Behaviourist than not 

Moreover, I have repeatedly found that teadksn who 
Ire impatient or derisive when orthodox psychology w 
INmcenisd luten willingly and with mteieet to rsmMlir 
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tak e n direct from the wntinge of men of the BehaTiounat 
•hade of thooight, although the aroh-pneeta of the 
Behavionnat hierarchy are no doubt almost as repellent 
M are orthodox writers of textbooks Indeed they reoog 
inse at once that this psychology (if it is psychology at all 
us Pio|ps*«oi llobmson uould no doubt mteiject) has at any 
rate condescended to come down from the clouds and say 
in plain language what things one has to do or say m order 
to persuade certain of our fellow mortals to act or speak in 
a oertaui way, and this is essentially Behaviourism No 
doubt, if the new psychology went so far as to deny that in 
this process there was any question of consciousness or 
mind if it refused to take advantage of the many terms 
lying ready to hand which if challenged one has to admit 
do imply the existence of mind and consciousnees, the 
teacher would feel again estranged But iu fighting this 
particular and extreme brand of Behaviourism Professor 
Bobinson is in fact missing the situation as I see it He 
IS confining himself to holding op the bodyguard of tbe 
enemy s monarch oblivious of tbe fact that the thousands 
who form his main army are marching on and surrounding 
his position and that presently he will wake up to the truth 
that although he has checkmated the king (he kingdom of 
Behaviourism has come into its own 

The reasons why the teacher who is m practice I con- 
tend a Behaviourist wrould m meet cases at once repudiate 
Behaviounsm as expounded to him by Professor Bohinson, 
are two both founded on the fact that the esclunve 
preoccupation with the Behaviourist point of view tends to 
produce m the student a mechanistic philosophy Now a 
mechanistic philosophy u, I venture to say repugnant evwi 
to those who hold it inasmuch as it wounds our amour 
propn by denying our freedom of will, and because it 
ternfies us by suggesting that there u nothing more m us 
than that which dies when the body la destroyed Those 
men who have in spite of this held an extreme Conn of 
mechanistic philosophy have done so because another force 
was still stronger the foine oi what they believed to be 
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logical conviction. 1 think 1 am light in saying that noona 
who has not gone through' a rigid course of scientific traiB- 
ing, poibisted m for years, can leolize the way in which the 
logical argument in lavour of mechanism appeals with 
almost overwhelming force to the mind of such a worker. 
I lemember to have read somewheie of Huxley’s retort to 
some clergyman who was opposing the view held by him, 
that he too would hold the same beliefs were he to submit 
himself to a three years’ course of biological training. 
Our beliefs are indeed to an extent hardly realised by those 
who have alw’ays worked on the one side ot the fence which 
separates natural science fiom the humanities, depmident 
on our environment and oui customs. There, but for the 
giace of Qod, goes a philosopher, or a Behavionristic 
biologist, might witli equal reason be said, inutalu 
mutandi\, by Flattely and Robinson of each other, might it 
notP With equal reason — and so also might the clergyman 
have retorted to Huxley that a three yean’ coune of slum* 
ming witli u Gospeller uii{|ht change his views. And so 
although I think that psychology in order to be useful to 
teachers (and others who have to apply it) must consent in 
large ineasuie to si>eak the language ot Behaviomism, or at 
least most appeal as much as possible to what can 
obviously be seen and beard of the thoughts ” of our 
pupils, yet I do not wish to be, erroneously, associated with 
those who deny mind entirely. I am convinced that they 
only are provoked to do so by distrust of the remarkable 
power of splitting hain and using vague words wbicJi is 
displayed, or so the scientist often thinks, in many philosO' 
phu'ol wiitingh — 1 trust Professoi Robiiieon and FrofeesOir 
Hoeml4 will pardon me, for truly the shaft is not aimed si 
them. So often the scientist who is drawn into a philo90> 
phieal argument finds, in the twinkling of an eye and in 
the turning of a page, that the matter has got beyond bis 
ken and indeed beyond all knowing, that it has been lifted 
on to a plane where, he is assured, words, being anthrofO* 
morphio things invented to describe mere appearances, 
toannot be used except as vague bints towards the transoMi* 
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dental argument which is progresung, that he may he 
excused for doggedly refusing to concede the first point 
The teacher wants to know how to deal say with a boj who 
18 intelbgent but sulky and on turning for help to his text- 
book of psychology finds only too often that even the most 
promising reieiences in the index turn out to be devoted 
to sue h matters as distinguishing between the satisfaction 
of conation and its object or emphasising the fact that 
self-consciousness falls under the principle of continuity, 
truths not paitioularly helpful to him at the moment 
On the othei hand he will even though he is I claim, 
essentially a Behaviourist in his dealings with his pupils, 
be particularly repelled by the refusal of the Behaviourists 
proper to permit him to speak of purpose IVo word is more 
useful and no idea more important, in teaching or in 
training teacheis than purpose Ihe same post which this 
inointng has brought me the manusciipt of the two pieted- 
ing papers of this symposium has brought me an article in 
MS on the Teaching of Mathematics, by a distmguished 
mathematician and experienced teacher and inspector of 
schools which opens with the sentence “ The basis of all 
good workmanship is purpose ** and I find myself agreeing 
entirely A recent and very welcome book from the pen of 
Professor T P Nunn on the fundamentals of education 
deals almost throughout with the concept of purpose My 
readers will realire from my appreciation of this that I do 
nut march in the ranks of the out-and-out Behaviourists 
Ml that I have urged beie is that a great deal of pruning 
u ith the Behaviourist bill hook would be of advantage to 
the health of the psychological tree of knowledge, and in 
particular would enable the applied psychologist to feel less 
acutely the present divorce between theory and practice 



A PHlLOSOPHEIt S COMMENTS ON THE 
BEHAVIOUR OF BEHAVIOURISTS 

Bt B F ALFBEO HOEBMiJ! 

[Hpad Oeoembcir ISuO ] 

1 — My cuntiibution to the aympoeiom m which. Mr 
Flattely, nnd Profeaaors RobuuKHi and Thomaon have 
preceded me may be summed up thus Behaviour — yes, 
BehaYiourism — ^no 

I welcome the mtroduction oi the term behavurar 
as a most valuable advance, as a return to the concrete from 
what I should call " abstractions ” and what Mr 
Flattely and ProlesBor Thomson call “ metaphysical ” and 
” transcendental ’ vapounufps What I reject as 
behaviourism *' is the extreme theory which affirms that 
there is no such thinf; as " mind,” even m human 
behaviour With Professor Hiomson’s ** behaviourism ” 
which contedes that childien and teachem have mnds I 
have no quarrel My disagreement with Professor Thomson 
begins when he connects even his own behaviourism in the 
name of science, with ” meohanistio philosophy/' and 
accuses those of us who find mechanism inadequate as a 
philosophy, of wounded amour propro, and of having Ood 
and itaiinortality up our sleeves* Penonally, I have no 

* I hope Profssior HoenM will forgiv* me it I ezeraifle an editer s 

privilege by sddiag tbu footnote Sinoe I fear that hie words smy 
eoavey to tiie reader the oppoeite impreeeioB I would Iihe to eay that 
I myaelf do not find meohaniiw adequate as a pBiloeophy, that 1 
myeelf fed a wounded emour propra at the idea of my aotioae and even 
my thonghte being predetemuned and that I want to olmg to Gad 
and immortality My difflenlty the aourea of mnoh mental paw to 
many lelentiste is simply that I am led to datormuusm whenover X 
try to eonduet a stnet argument with myaelf If Ptirfeaaor SoaraW 
doee not feel the dilemma or haa aotved it, I anvy him, but do set 
UBdorstaad him X think it is iatolnblo, and iad my rabaf fai iUl^ 
aaafomioa aad a hUad h e pa or fSHh-^that thaw w taght for thoas OdtS 
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theological axe to gonitd in this argument My only ooncem 
IS to save the mechanist fnnn himself — ^to affirm the 
existence of the mechanist s own mind that mmd whidi 
the mechanist himself uses m the very act oA denymg that 
he has any such thing 

I am glad to think that 1 have Mi Flattely on my side 
hoi Mr Flattely astuies us that loeb attacked the 
subject of behaviour with an open mtnd 1 agree that 
Loeb has a mmd 1 do not agree that it is an open one 
Of course to plunge into the study of animal behaviour 
with the naive assumption that every animal is a miniature 
man and then to attribute to animals all sorts of 
puiposes IB leoklesB And to be made aware of such 
uncnticised assumptions is to have one g mind opened But 
Loeb 8 mmd 1 submit is doted vis closed agamd 
purpose And note it is closed not boLause tbe facU 
positively exclude puipose but because of his ideal of 
Mitettt/lo method excludes purpose hor bim science 
means as Mr llattely says reducing the reactions of 
animals to quantitative laws hxcellent ideal m itself but 
I am bound to point out (a) that there is nothing in the 
concept of a puipomve action which excludes its having a 
strictly determinate quantitative side (e q when I volun 
tanly lift a heavy object the amount of muscular energy 
which 1 must put iorth is a detei inmate iunction of the 
weight of the object and the height to which I lift it) and 
(() that when you make up your mmd to look for nothing but 
quantitative laws you will fmd nothing but quantitative 
laws Hence even li theie were a purpose m every action 
of an animal the meohanut would by bis whole programme 
and method be mcapacitated from disoovermg it I am far 
from saying that all animal behaviour is purpoeive but I 
do say that mechanism is by deAnition committed to the 
enterprise of tbinkmg m terms only of * matter end 
motion * and that for this very reason it cannot reeogniM 
anything alee in the world But it is one tiung to ignore 
mind even where it ooenrs beoanse your method doM not 
enaUe you to deal with it It le anodier thing to deny the 
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existence of minds altogether. As well might a blind man 
deny that there is light lor thoee who can see. 

Loeb denies even of human beings that th^ haTe 
purposes. Professor Thomson insists that they have. In 
fact, he is a behaviouiist precisely because he is thinkiiig 
of the teacher’s problem of controlling the purposive 
behaviour of children. Now, when one behaviourist rejects 
“ mind ” and “ purpose ” utterly, and the other acclaims 
them, and both do so on the ground of “ science ” and 
" mechanism,” what, 1 ask you, is the poor philosopher, 
whom both abuse, to think of suck behaviour P 

2 . — ^But enough ol dudectics and debating points. It is 
evident that behaviourists themselves are in two minds 
about what ” behaviour ” is. Now, as a philoeophw, I 
find the concept of “ behaviour” tar too valtiable, not to 
come to its rescue to the best of my poweis, when 1 find 
it thus maltreated by its scientific friends. Let mo, then, 
define the problem as I see it. 

The question for me is: Does any or all behaviour 
involve mind or consciousness? In other words, where, 
if anywhere, are we entitled to say that the behaviour of a 
living cieaturc expresses what the creature feels, petceives. 
thinks, wills, etc.? 

As a philosopher, having an open mind, i.e., a mind 
open to every datum, hint, or due, which my experience 
anywhere affords me, and refusing to be blinkered by any 
restrictions or taboos (even though they be disguised as 
“ scientifio method I seek my answer over the whole 
field of my experience. Science, on the other hand, takes. 
80 far as I can aee, one or other of two restricted lines, (t) 
It denies outright that there is any such thing as mind in 
the world, on the ground that, in last analysis, everything 
that exists can be exbanstively described in purely physiot^ 
chemical terms. This is the extreme mechanietic position, 
which, in the guise of the extreme type of hehavioorisni. 
is now invading psychology. Thus, J. B. Watson, the 
leader of this school, explioitiy rejects the terms ** mind.*’ 
consciousness,” etc., from psychology, knd expreessa 
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hope that psychology conceived as the atudy of mind, will 
soon he as defunct as alchemy. (2) Or, more mildly, 
science allows that mind exists hat denies that it can be 
dealt with by scientific methods. 

Now, with this latter position a philosopher need have 
no quarrel at all. For, strictly, it is not a criticism of 
mind, hut a self-criticism of science. It is a modest 
acknowledgment of the inherent limitation of scientific 
method. To say that by scientific methods we cannot find 
out anything about the mind, leaves it open to us to try 
other methods. But the danger is* that we restrict 
“ knowledge ” to what we can find out by scientific 
methods, and then slip into saying that, because by such 
methods we can know nothing of mind, therofoie theie is 
nothing there to know. 

But, further — and this is perhaps the most important 
point — behaviourists are recruited chiefly from two classes 
of scientists. They either, like Piofessor Thomson, have 
had a training in physics and chemistiy, or else, they are 
biologists, studying by preference non-human animals, if 
not more or less primitive micro-organisms. Now the 
objects which ph 3 r 8 ic 8 and chemistry study have no minds, 
as a rule; or, if they have minds, as when a physical or 
chemical experiment is made on a living human being, 
their minds are ignored as irrelevant. Again, in oiology, 
the further away from man we get in the animal kingdom, 
the mors piecarious and ambiguous undoubtedly is the 
evidence for deciding whether an animal has a mind, or 
what sort of mind it has. 

Hardly less important is the fact that a creature's body 
and its movements in its environment are observable by the 
senses ; observable, too, by any number of observers at once. 
The creature’s mind, on the other hand, is not observable 
by outsiders. Add that we can, more or less, control the 
creature’s movements experimentally, andi you get a total 
situation in which, from a convergence of reaeons, it is 
wholly intelligible even to a pbiloeopber that scientists in 
these fields should try to get on without reference to mind. 
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More, we can understand, too, why these methods should 
be extended to the study of human beings; why scientists 
should try how much they can do with them even in the 
sphere of human behaviour where, after all, we are sure of 
mind, however much we may pretend that there is no such 
thing. 

As we are about now to approach the point of disagree- 
ment, let us set down, first, what we are apparently 
agreed on. We agree: — 

(i) That one of the thief tasks ot srienre is to 
formulate quantitative laws wherever it ran, and that there 
is nothing in conscious purposive behaviour which forbids 
this 01 makes it impossible. 

(ii) ^hat our quantities lefei to the physical side of 
behaviour, not to the mind which expresses itself in tiiat 
behaviour. 

(iii) That even it our object is, not quantitative laws, 
as toi Mr. Flattely, but simply control, as for Professor 
Thomson, we certainly develop a technique for experiment- 
ing upon human beings so as to elicit, by suitable stimuli, 
the kind of response we want. 

(iv) That the teacher is fully aware that he is experi- 
menting upon the children’s minds, which are embodied 
minds, and within fairly wide limits, what the nature of 
their minds is, t.e., what they are thinking, feeling, etc 
What is true of teacher and children is, in general, true of 
idl intMcourse of human beings with each other. For all 
our fr^uent misunderstsudiugs, we still deal fundamen- 
tally with each other mind to mind. 

(v) That human minds are not mysterious entities open 
only to intro^ction and desoribable <mly in ** mota> 
physical ” language, but that th»y art eaprttted and thu 
made known, through hthaviour. 

(vJ) That the attempt to extend this concept of mind 
from human to non-human animals becomes inoreamngly 
precarious as we get further away from the human ^rpe, 
ai|d that a point comes where anidogy, in unskilful 
becomes a snare rather than a help. 
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In ghort, whilst 1 grant heartily the ementifle ideals of 
quantitative deteimination and of i ontrol and the di£Boiilty 
of applying mental teims to the behaviuui of lowei animals, 
I ask scientists to grant me that each of ua knows that he 
has a mind himself , that we know of each other that we 
have minds, that we can find out a good deal about each 
others' minds, and experiment upon them by stunulatmg 
one another’s bodies and g^etting appropriate or inappro 
pnate behaviour in return 

3 — Whaf, then, is the difference between human and 
animal behaviour whieh compels ns to acknowledge minds 
in man whilst permitting us to ignore them in animals* 

I suggest that the difference lies in the use ef speech 
Speech is a kind of behaviour It ronforms to the pattern 
of nil behaviour it is a specific response, in terms of arti- 
f nlatory movements of the speech organs, to some stimulus 
But speech is more than a senes of mnse-prodncmg 
movements The noises are not mere noises incidental to 
movement like the roar of a waterfall, or the rustling of 
leaves in a breese, or the clanking of the railway train 
They are expressive noises They ere noiaee made for the 
sake of expressing, or conveying, something Recent 
analysis has distinguished two kinds of meaning m 
lang^uage When, perceiving a dog, I say Pheie goes a 
dog,” I evpre^s the fact that I see and I state what it is 
that I see In general I express (ausdrtieken) my mental^ 
acts and I state (aussagen) what are the objects of those 
acts Of course I can make the act part of what I state, 
eg, “I see a dog ” As Kant pointed out in another 
context Take any statement of fact and yon can alsravs 
preface it by ‘ I think ” Ihe points, then, on which I 
would insist are /i ) that all language is expressive of mind 
and (2) that we have a special set of terms, a vooabnlaiy of 
words for stating the occurrence of the most ohvions kmdir 
of mental acts which have foiced themselves upon the 
attention of the human race We cannot in dealing mih 
human beings either deny (i ), or, admitting (h ), refuse to 
use the languege of ** mind '* 
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But why can we do so with animalsP Partly, because 
no animal in rerum natura poesessee articulate ipeech. 
Bat even more, because the vast majority of animals, 
especially those which are observed and experimented <yn 
in laboratories utter no noises at all. Where theie is no 
cry of pain or fear, no snarl of rage, our commoner 
evidence for predicating feelings and emotions is lacking, 
and it may plausibly be called sentimental nonsense to 
endoa the silent animal with any sort of consciousness. To 
ignore the expreasivenesa of the cries of the higher animals 
is not BO easy, yet to save the theory it can be done because 
no animal can actually tell tu in words that it feels or what 
it feels. Certainly, on the mechanical, or automaton, 
theory of animals, no animal’s cries can possibly express 
feelings, for it has not any feelings to exprees. The noise 
which a dog nmkes when you kirk it will be as inexpressive 
as the noise whu'h a tin can make when you kick it. It was 
no mere accident that the automaton theory of animals, 
when it first became popular, unloosened an orgy of 
vivisection. No tender consciences were stung by the 
victim’s cries which were but the noisee of a machine being 
taken to pieces. Our forefathers at least took their theory 
seriously. When they said “ machine ” they meant 
machine, and behaved accordingly. 

The scientists of our humanitarian age try hard to keep 
.up the machine-language for all animals, and to shot their 
eyes to the fact that their behaviour, esperually in its 
emotional, {esthetic, moral aspects, and towards the 
higher and particularly the domesticated animals implies 
quite a different theory. A biologist talks one theory in 
his books, he lives another when, e.g., he enjoys the 
affection of his dog. It is part of a philosopher’s business 
to be sensitive to inconsistmeies of this sort, and to remind 
the biologist of the sanities oi eommonsenso which 
spun theory is so apt to forget. 

At any rate, I venture to suggest that the 
Wethodological ignoring of mind is immensely faoilitatad 
by studying non-human animals rather than human, mioro* 
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ofganutns t»ther thaoi macv(MNrg»nuiiis, creatnm 
incapable of expreesiTe ones rather than creatues with 
TOioe to utter cry and speech 

If these suggestions are sound they will explain why 
the uncntiral use of the mind language in the description 
of the behaviour of lower animals is open to grave 
objections It has often led to fantastic ' humaniaipg ’ 
of animals Bnt, surely, to refuse as Watson does, to use 
the mind language m deeonbing the behaviour of human 
beings, is equally fantastic Watson is clear headed 
enough to insist on the full eonsejaencee of hie position 
which involve the denial that speech-behaviour u, par 
exedlenee expresnve of mind that language haa meaning 
Here are his own words — 

‘ I should like to say frankly and witiiont combative 
ness that I have no sjrmpathy with those 
psychologists and phdosophen who try to intro- 
duce a concept of * meaning * into 

beb 11 lour At every point we would describe all 
of psvchology in terms of what we see the organ 
ism doing The question of meaning is an 
abstraction a rationalisation and a speculation 
seiving no useful scientific purpose From 

the bystander’s or behaviourist’s point of view 
the problem never arises We watch what the 
animal or human being is doing He mean*- 
what be does Hia aohon is the meaning 

Hence, exhaust the eoaoept of action aad we have 
exhauatad the oonoept of meaning ” 

In his denial of meaning I believe Watson to be as much 
wrong as in his denial of imagery In treating 
thinking as talking, and thus aa part of bodily 
activity open to an observer, Watson very cleverly shelves 
the question of the meanings of all the charactanatic terms 
of the mindplangnage He ahaolvea himself from oon- 
sidenng what it la in oar expenenoe that wa enres* when 
we oae auoh terms as fading, thinking, wiling It la 
worth noting in this oonneotion that Wateon, in saying 

a 
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tliai paychology is to frame its descriptions in tmms of 
what we ^ee the organism doing,” appears to take both 
” seeing ” and ” doing ” with extreme literalness. T 
stron^y suspect that he is forgetting, for the moment, that 
we can hear the sounds which animals and men utter, and 
hear, too, even when we understand nothing else, the 
emotions which sounds express. It is certainly striking 
that in his discussion of thinking Watson turns his and 
our attention almost exclusively to the muscular move* 
meats of the speech-organs, not to the sounds pioduced. 
Yet it is by the sounds which we hear, or the writing and 
piint which stand for sounds, that we leain chiefly what 
other people are thinking or have thought, not by studying, 
however closely, the movements of their lips, tongue, and 
larynx. It may be baid to give an account of what mean- 
ing is, but we are familiar enouf^ with it to know what we 
mean when we use the word. It is true that such phrasM 
as “we can make our subjects think alond and thereby can 
observe a large part of the process of thinking ” (p. 39) do 
occur in Watson’s text. But, Watson, I feel sure, has in 
mind neither that the subject is expremng what he thinks, 
nor that the observer “ observes ” the thinking by under- 
Mandtag what the words mean, and not merely by 
hearing them or watching the speech muscles. What it 
comes to is this: In den 3 ring all introspection and self- 
knoiwledge as “ mystical ” and “ transcendental ” and 
limiting the psychologist, even in tiie study of human 
beings, to the point of view of the outside observei 
eocolusively, Watson flails to use sll the evidence at his 
command. The terms of the mind-language owe their 
meaning to two sources cl evidence. One source is our 
observation of the behaviour of others, including their 
speech-behaviour, the latter more particularly being inter- 
preted by us as expressive of the others’ mind. The 
second souroe of evidence, which makes this interpretatioB 
of others pomiUe, is our direct acquaintance with our own 
minds and with the way we ttipress our minds in aotien 
and speech. As things stand now, sndi a siatsment ea: 
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“ the dogi is looking at the moon ” *» liable to be 
translated, in the name of science, into one or other of two 
fonnalw, yis., either “ the dog is responding to a visual 
stimnlns ” or “a visual sensaticm ie oocuning in the 
dog’s stream of oonsoiousness.” The first formula, 
expanded, leads to physiology; the second, to traditional 
psychology talking in terms of inward states of mind. This 
bifurcation of body and mind can end only in payoho- 
physical parallelism. Against this the theory of behaviour 
as taspTtttmt of mind, which I am here trying to advocate, 
IS a protest. It is a return to a point of view both more 
conciete and, perhaps, n)ore naive — at any rate, nearer to 
oommonsense. Ask any scientist to give an account of 
what he is doing in pursuing his scientific work, and you 
will find him using mind-language all along the line He 
mil tell you what be saw and heard; perhaps what he 
smelt, tasted, felt by touch; what he thought, inferred, 
t«uspected, concluded ; what he hoped or feared ; tried to do 
and perhaps failed; his joy ut success; his efforts Hind- 
language all the way ; and we know what the terms mean 
without any mysterious or mystical self-knowledge of the 
introspective sort, and also without previous observation 
of the behaviour of others. All these terms of the mind- 
language express aottvitiei directly evpvnenccd m our- 
telvet, not observed first in others. They are not terms 
invented to record what we first note in others and then, 
by inference, apply to ourselves. They draw theii mean- 
ings from that direct, unreflective self-knowledge which is 
the basis of onr interpretation of other minds. ** Fear,” 
for example, is a word used to ^presa a distinctive feeling 
which we experience. We know what ” fear ” moans by 
feeling fear. Tbe knowledge by personal experience of 
what it feels like to be afraid is, of course, developed l^ 
watching frightened fellow men or animals. But such 
watching of others alone could not supply the meaning 
which ” fear ” actually has for all who have f4t it. A 
person who was wholly nnaoquainted with fear in himself 
wonld stand before the expreesions of fear in others as 
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before a liddle which he could not understand. He might 
set himself to study this strange behaviour, noticing the 
conditions under which it appears, and the oonsei{ueinces 
whi( h it has, but he would never get beyond an outsider’s 
or “ bystander’s ” knowledge of fesu'. It may be said: 
“ This is all we want in science.” The answer is: ” It is 
not all we know.” To say it is all we want in science, is 
a plain confession that relevant evidence is ignored, because 
it does not fit into some programme of scientific method. 
Now science is iustified in ahstracUng and tehsctmg as 
much as it may find convenient. But we cannot both ignore 
evidence and also set up the claim that the result is all we 
really ” know.” In situations such as this it is the 
philosopher’s business to be the guardian of all the 
evidence wliich experience puts at our disposal. And 
anyone whose mind is open to all the evidence will, if he 
reflects, refrain from any behaviour so foolish as the 
behaviour of using language which means that neither he 
nor anyone else has a mind. 
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Iliwrfiti ef |liuf|)«» yirtlOMplinl Siritty 

NATURE’S ARCHITECTURE. 

3y ProfeAtior Sir W H Braoo, K B £ , D Sc , F R S, 

We have always the wish to examine elosely the Bub- 
stauces which w'e handle in everyday life, and to enquire 
into their natures and tlieir properties. When w'e design 
II nd construct wc find it nccosBary us well as interesting to 
consider with care the luuteiials w'lth which we build. As 
our knowledge advances our study is carrie<l further and 
iurther into the minute : and it becomes ever more imi>ortant. 
Thus, tor example, the meialluigist uses the microscope 
to examine the arningemeritB of the minute crystals in his 
metals and mineials; the biologist seeks to disc^over the 
cellular structmo of living oigainsins, or to watch the move- 
ments of bacteria which aie tai beyond unaided vision, 
Theie is a world of the micioBcoi>e in w^hicli men follow* 
processes that underlie the larger effects that we see, and, 
so doing, widely extend our niidei standing and our pow*ers. 
We liave only to eonsider for a moment the gaps that would 
be made in our knowledge, weie we to take away the micro- 
8coi>e and all rtat it has revealed to us, in order to realise 
the imiiortance of the study of the very small. We should 
lose by far the greater iiart of our inner knowledge of 
biology and pathology, of botany, of mineralogy, of other 
sciences: and should miss the innumerable applications of 
the microscope m arts and industiies. 

All our experience in the study of the minute, and everj* 
indi(*ation that we have, dire<*ts us to the usefulness of 
pushing on still further. With every step forward we see 
more of the wonders of the world and grow in our sense 
of its mystery and its immensity: and we come back with 
our hands full of things that we may admire, and, if well, 
|>ut to our service. 

There is a limit to the power of the miorosoope ; a limit 
which is unsurmountable. The waves of light by which 
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we see are of the order of a ten thousandth of a centimetre : 
objects that are to be seen must at least be of similar 
dimensions. A small rock makes no permanent impression, 
has no more than a local effec't on an ocean swell that sweeps 
over it. If we are to press on beyond the range of the 
microscope we must abandon the use of ordinary light, 

Now we have of late acquired a new instrument with 
which we can measure distances and spacings ten thousand 
times smaller than have ever been measured before. It 
uses X-rays where the microscope uses light. It carries 
us deep down into the fundamental structure of Nature; 
where are the very elements of which physics and chemistry 
have told us. We see Nature as an architect, fitting together 
these elements into the structures that, when they have 
grown sufiBoiently, are the iiiatonals that we know. I would 
like to-night to sliow you something of this world, though 
our vision is still new and indistinct. 

I do not propose to deficribe in detail the way in which 
X-rays are muployed in this new field. It would take too 
long to do so, and I am anxious to describe to you results 
rather than ihe ineUiods of getting them. It is sufficient 
to say that just as light and its waves are used in the 
investigation of strueturos whose dimensions are of the same 
order of magnitude as the weaves, so, with X-rays we are 
able to examine and measure lengths which are propor- 
tionally smaller. 

We are not able to apply X-rays to the study of a single 
atom, nor of a group of atoms, because their effect is too 
small. But we are fortunate enough to find in the crystal 
an ordered arrangement consisting of innumerable repetitions 
of some fundamental group. The unit may be no more than 
one or two atoms of the same or different kinds arranged 
in a particular pattern. When this unit is infinitely 
repeated, each in its proper space so that one unit of pattern 
is exactly like every other, then, the crystal forms a solid 
whose faces and angles are founded upon and display to our 
eyes some of the elementary features of the pattern. It is 
then, too, that the X-rays have enough material to work 
Upon and can tell us the fundamental structure and measurs 
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its dimensions. That is why the crystal is of such immense 
importance. If bodies consisted of atoms jumbled tof^ther 
just anyhow, then the new X-ray methods would be unable 
to help us; we depend on the regularity and the sufficient 
repetition of the crystal. We are able to infer the funda- 
mental details from the behayiour of the whole. 

The X-ray methods of analysis tell ns with great exactness 
the dimensions of the little cell in which the unit of pattern 
is contained. Just as we can divide up a pattern on a paper 
or a piece of material by two sets of parallel straight lines, 
so that onr little four sided figure contains one unit of 
pattern and no more, so we can divide up space into elements 
of volume with six faces which are parallel in {lairs and 
which contain one set of atoms that make up the fundamental 
pattern. By means of X-rays we can measure these cells; 
we can find their dimensions and their angles ; we can even 
find the places of the atoms within the cells and so discover 
the way in which Nature has put the atoms together ; we can 
find the plan on which the crystal is built. Not that as yet 
we possess the skill and knowledge to determine the stiucture 
of every crystal but in every case we can do a little and in 
some of the easier cases we can find tlie details with great 
accuracy. We know now how the atoms are put together 
in many of the simpler compounds such as rooksalt and all 
the other substances which are like it; of diamond, of zinc 
blende which resembles the diamond, of carborundum and 
others of the same family ; of ice ; of the carbonates ; of the 
metals and so foith. We have learnt some of the rules of 
building and something of the nature of the atoms as told 
us by the part that they play in the structure. The day may 
not be so far away when we can anticipate a natural design 
and say that if we took such and such atoms and put them 
together they would unite in this or that fashion, and we 
might describe the physical properties of the crystal as 
natural consequences of the structure. Even now we can 
try our powers. Let me state some of the building rules and 
let us see how some of the simpler constructions are derived 
from them. 

First let us undWstand the dimensions of the world in 
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which we are working. Let ub imagine that we have altered 
the scale of our surroundings in the proportion of one 
hundred millions to one. Then a tennis ball has become as 
large as the eartli; and the room in which we stand has 
grown so as to take in the moon and far beyond. We can see 
the atoms now: some of the size of marbles, some as big, 
perhaps, as golf balls. In shape we conceive them to be 
round, more or less; though we have indications that some 
are ot spheroidal, or even of l€»ss symmetrical form. It may 
be tliat when w’e see better we shall be able to describe them 
more precisely. For the present, we are obliged to choose 
some form of repreaeutatimi in our models and for con- 
venience we make them spheres. They are laced and bonded 
together into structures of lace-like pattern, and w'e can 
apply a meaauting rod to some at least ot tlie distances 
between centre and centre. 

As Oheinists liave already told us theie are nearly one 
hundred elements of different kinds varying m W’eight from 
the lightest — hydi'Ogen — to the heavier atoms of mercury, 
lead, uranium and others. We l>egin to be aware from the 
knowledge that the study of X-rays has given us that they 
are not merely graded in siee and w’cight but that in con- 
struction (hey are all singularly alike. Each possesses a 
central core in which the inasHiveness of the atom seems 
to lie. The core is positively charged, to speak in electrical 
terms ; and from atom to atom the electrical charge amounts 
by uniform stops. Tf w^e say that hydrogen bos a charge of 
1 in its nucleus, then helium has a charge of 2, lithium of 
3 ; next come beryllium and boron, then come carbon with 
6; nitrogen 7, oxygen 8, fluorine 9 and so on. Round about 
its core each atom has a group of bodies of negative charge 
which we call electrons. The charge on each is equal in 
magnitude though opposite in sign to that of the positive 
charge on hydrogen and the number belonging to each atom 
is the same as the number denoting the positive charge on 
the core. Each atom, therefore, has no excessive charge of 
either sign, as a whole it is neutral, and the electrical 
chargee which it possesses compensate each others effect 
except locally at points so near the atom that the balance 
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18 not complete. Thus, we become aware that all the 
elements of which all things in the world are made are of 
one and only one pattern differing from each other only 
in a certain fundamental number. All the chemical 
properties of an atom are, it seems, fixed by this number. 
Coal is coal and burns in the grate because the carbon atom 
is number 6 ; that is to say, it has a positive charge G on its 
core and has 6 electrons. Oxygen is somehow a gas of 
immense importance to the living body because its uinnber 
is 8 . 

Wlieii ue look a little closer into ihe atoms and their 
electrons we observe lhat theie is order in the arrangements 
of the electrons round the core. The electnms of helium 
are disiiustnl at opposite polos. We do not know for certain 
to what extent they move. tSome things we can explain 
best by Huppnsuig them to be in motion aud other things 
suggest to UR that (hoy are in rest. Here is a point that w’e 
ilo not as yet see elearly but we know for certain that there 
are two elocirons, and that on the whole tliey are oppositely 
placed. When the next electron is added and the core is 
corresjiondingly sliengtheued, the new substance, which is 
the metal lithium, begins a new nrmngoment of Ibe 
elections. 

Fro ii this time onwards the elections after the fiist tw'o 
niiunge themselves on the surface of a spherical shell which 
contains the core and the first two. Thus, for example, 
carhoii has two inside and four on its shell. So the increase 
goes on until the number on the shell is eight, there being 
still two inside and the charge on the core l>eing now equal 
to ten. This substance is neon, one of tlie rare gases dis- 
<*overed by Sir William Ramsay in pursuance of the investi- 
gation which he made after Lord Rayleigh aud he had 
discovered the existence of argon. Continuing, a further 
addition of electrons is made to form another shell which 
aurrounds the first. When eight more have been added we 
come to gas much resembling neon, the already mentioned 
argon. Two shells ore now complete; and yet another 
electron shell begins as otiier atoms are added to the list and 
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80 on. For the moment we have done enough ; the attached 
table containe a summary of our descriptions. 

Tasu I. 


IflttlrofM in 




Gum of 
tha Cm 

BboUI 

■MU 

sbou m 

8h«U] 

1. 

Hydrogen 

1 

I 

— 

— 

— 

2. 

HeUmn* 

2 

2 

-- 

— 


S. 

lAthlom 

8 

2 

1 


— 

4. 

Beryllium 

4 

2 

2 

— 

— 

6. 

Boron 

6 

2 

8 

— 

— 

0. 

Carbon 

8 

2 

4 


— 

7. 

Nitrogen 

7 

2 

6 
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8. 

Oyygen 

B 

2 

0 

— 

— 

A 

Flnormo 

9 

2 

7 

— 

— 

10. 

Neon* 

10 

2 

8 


— 

U. 

Sodinm 

11 

2 

8 

1 

— 

IS. 

Magneeium 

12 

2 

8 

2 

— 

11 

Alummium 

18 

2 

8 

8 

— 

14. 

Stlioon 

14 

2 

8 

4 

— 

11 

Phoephorue 

15 

2 

8 

5 

— 

16. 

Snlphur 

18 

2 

8 

0 

- 

17. 

Chlorine 

17 

2 

8 

7 

— 

18. 

Argon* 

18 

2 

8 

8 

— 

19. 

PotaeMnm 

19 

2 

8 

8 

1 

SO. 

Calemm 

20 

2 

8 

8 

2 
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We have described our 

atoms. 

What 

are we 

to say 


to the methods by which they are to be attached one to 
another ? 

An atom which requires one or two or more electrons to 
complete a shell manifests a great determination to seise 
them and, so to speak, round off its surface structure. On 
the other hand, an atom which is an early member of a 
new series, that is to say, in which one shell is complete 
and one or two or three of the neixt shell have been added, 
has but a light hold on these extra electrons and gives them 
up when the demand is sufSoiently pressing. Let us add 
to this that if an atom is given an electron over and above 
what it ought to have it is now negatively charged as a 
whole, if it has lost one it is positively charged. These axe 
our main rules: there are others no doubt but we have 
Burfcient to go on with and we can start our construotiona. 
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Let ua begin with a very simple case — rockaalt The 
crystal is made of equal numbers of sodium and chlorine 
atoms If we examine the attached table we see thxt chlorine 
IS the substance just short of argon lequirmg vet one more 
electron to complete shell III The metal sodium is a 
substance which has tvo complete shells and one extra 
electron on which its hold is weak Let a chlorine and 
sodium come within acting distance of one another and the 
obvious hannens The chlor i c seues the loose lectron of 
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tile sodium The chlorine is now negatively charged the 
sodium positively and the two atoms tend to keep together 
by virtue of this charge Moieover if there are a number 
of atoms of each sort each positive will surround itself 
with as many negatives as it can and each negative with 
the same number of positives under these oirounistanoes 
the stmotore adopted is that shown by the model (fig 1) 
Thore is a onbio arrangement m which every hne of atoms 
parallel to the edge of the cube consists alternately of sodinia 
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uud (lilornie, uml iu llie crystal m a ^\llo1o each utoin hnn six 
neighhuiirH of opposite sign. Uiicombinwl the chloiiiie was 
aggressive and, cheniicully, very active, it has now settled 
down. So also the sodium uncomhiued had special pioperties 
due to its i>OHse8hjon of u lightly held elcLtiuu. The hculium 
metal is, tor example, a good conductoi of electricity like 
other metals, hecuuhe the elections can easily he driven 
through the body of the metal undei the action of electni- 
mofive foii'c and m tins way a traiistei of electiicitv can be 
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effected or in other words, a current ot electricity cau readily 
be set in motion. At any time the smliuiu atom is liable 
to be attacked by one oi the atoms which still re(|uire one 
or more electrons to complete a shell. For example, aodiuiu 
put into w^ater is at once attacked and a compound is formed 
in which sodium is allied witli oxygen and hydrogen. 

There are many instances of this kind of structure. 
Sodium may combine with bromine or fluorine just as well 
as with chlorine. Potassium behaves like sodium. In 
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eveiy case the result is the same, namely, the building of a 
cubic structure in which each atom of one kind is surrounded 
symmetrically by six atoms of the other. 

Let us see what happens if an atom which has two 
electrons to spare meets others which each need uno io 
complete a shell. A beautiful instance is given by the 
common mineral fluorsimr. Here a calcium atom has given 
up each of the two electixma ahich are lightly attached to 
it, and two fluorine atoms each take one. In the structuie 
of the fluorspar (*rystal the arrangement is io be such that 
the calcium is to be surrounded by twice as many fluorine 
neighbours as the fluorine by neighbours ui calcium. It is 
very interest in g to see liow Nature has solved the pioblem. 
A Dutteiu of tbe ciystal is shown in figure 2. Every 
(ulcium has eight fluorine neighbours; every fluorine four 
calcium neighbours. The crystal is highly syinmetrieul and 
LB indeed placed by crystallographers in their highest clash. 
It 18 to be remembered that in such a model as is illustiated 
by the figure, it is impracticable to make it iucludo iiioie 
tlian u few atoms of each kind. One has to imagine it 
extended in space in all dire<*tiouH after the iiuttein already 
begun in order to anjirecdate the exact relatioiiH of the utoniR 
to one another. The structures of ice, of ruby, of cuprite 
and many oilier substances show tbe same effort to adjust the 
numlier of neighbours to suit the proportions in ^\]llch tlu> 
atoms are put togi'iher. 

We now take an entirely different close of structure. 
It 18 common knowledge that many solid HiibstanecH and 
crystals are compounded of atoms which cannot be expected 
to transfer electrons in the way described. Carbon atoms, 
for example, compound to make a diamond. 

It is proposed by some that combinations of atoms of this 
kind, which obviously occur, are to be thought of as a 
sharing of electrons. The atoms lie up against one another 
in such a way that one or more electrons do duty in 
completing shells of two neighbouring atoms, just as a 
party wall is common to two semi-detached houses. To 
say the least the idea is very helpful and enables one to 
form a mental picture of what is oooturing. Two oxygen 
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atoms, foi example, may be thought of as sharing electrons 
in this way so as to make one molecule. The single oxygen 
atom is greedy for electrons. The combined molecule 
consists of two atoms which liave four electrons in common 
and have in an economical way satisfied their desires. The 
molecule wants little more; it is very independent, has no 
desire to aseociate u ith members of its own kind at ordinary 
temperatures and so is a gas; that is to say, a substance in 
which the molecules pieier an independent existence. The 
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same is true of nitrogen which forms the principal con* 
stituent of the atmosphere. Argon which the air also 
contains is au atom with a shell which is naturally complete. 
It is impossible to get it to enter into combination with any 
other kind of atom since it has neither electrons to give away 
nor does it want any addition to what it possesses: that is 
why it is a gas and in particular why it remained so long 
unknown. It took no pait so to speak in the affairs of the 
universe and it was overlooked. 
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The way in which the carbon atoms share their electrons 
is most interesting. Each carbon atom borrows and lends 
one to each of four neighbours; in this way its own four 
are artificially raised to eight, which is the perfect number. 
The structure of diamond is such, therefore, that each atom 
is surrounded by four neighbours at equal distances (see fig. 
3). This one distance is the one and only dimension in the 
diamond ; its magnitude is 1 64 A.TT. Ihe whole of the 
diamond is bound together in tins way, one cannot say where 
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the molecule begins or ends. The whole crystal, in fact, is 
one molecule. Electron sharing makes a very strong bond 
between the partners. It is very difficult to separate atoms 
so tied together and the diamond, in which this bonding is 
universal is the hardest of known substances. 

It is very instructive to compare diamond with graphite 
because the two crystals differ so remarkably in all their 
properties and yet each is composed simply of the one 
element carbon. Diamond is transparent and is the hardest 
of known substances; it will scratch anything. Graphite 
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is opaque to light and is used as a lubricant. What 
remarkable difference in consii action aocounte for the great 
contrast in properties P 

The methods of X-ray unalysis show that there ly an 
alteration >vhich is illustrated by the accoin]iauying figure 
(fig. 4). Without models or other illustrations it is ditticiilt 
to roaliee how we must move the atoms in diamond so that the 
structure becomes that of graphite and u verbal description 
is not easy to follow. Pei haps the best way to describe the 
change is us follows: — 

Let suct^essivo sheets of the carbon atoms in diamond, 
which aie jmrallel to a iiaiui'al face, be moved away fiom 
each other without altering the relative positions ot the 
atoms in the sheet. In consetpience the bondsr between the 
atoma in any one sheet are as strong as ever, w'hile eH<4i 
sheet is now lightly attached to the next because the distance 
between two sheets is nearly doubled. »Senarnte sluM^ts cun 
now slide over each other verj’ easily ; hence the lubricating 
power of graphite. It is, however, to be observed <bat it 
is nol only tbe weakness of the ties between sheet ninl sheet 
which are the cause of Uio sliTiporiness but also the lightness 
of the bonds in each sheet wdiich hold the sheet together, 
The substance is flaky, and the flakes slide on one another 
easily and divide leadily into smaller flakes, hut the flaki- 
ness is a very jiei-sistent property. If the flakes themselves 
broke up into individual atoms the substance would be 
a mere iwwder and would not lubricate nt all. Tiet us 
notice that the cliaracteristics of graphite, its slipjierinpsH 
and flakiness aie tlic expression on the large scale of the 
primary details of construction because this is a iioint on 
which I should wish to insist. Its opacity is more difficult 
to explain completely hut at least we can say this that in 
diamond all the atoms are rigidly bound together, it rings 
true like a hell to the minute waves of light, while the 
graphite is full of innumerable loose ends and, just as a 
bell full of cracks absorbs the energy of a blow and turns 
it into heat without giving out sound waves into the air 
so the graphite absorbs the energy of the light without 
transmitting it. 
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We took up the construction of the diamond just now 
because it illustrateH particularly well the phenomenon 
which we call eloctnm sliaring. Then* are other very 
striking instances of the same effect to he found in 
many of the simpler crystals. Iceland spar or calcium 
carbonate is a very common mineral. The element of the 
pattern includes one atom of calcium, one of carbon and 
three of oxygen. Calcium is number 20 in our atomic scale ; 
it has completed tuo shells containing 8 electrons each and 
has 2 more towards the next shell. It is a metal, therefore, 
which has electrons to spare and conducts electricity. The 
carbon and the three oxygens are each and all short of 
electrons. The difficiencies are far greater than the calciums 
can supply, considering, at any rate, the pio])ortion in 
which tlie atoms are mixed ; but the carbon and the oxygens, 
with much sharing of electrons between themselves try to 
satisfy their desires and very nearly succeed. They make 
a (hsc-like arrangement with the carbon in the centre and 
the three oxygens in a plane round about the carbon. 
Having done Iheir best they are still 2 electrons short and 
that is where the calcium fills a want. It hands over to the 
COa group the 2 electrons it can spare and so the arrunge- 
ment is like that of the ordinuiy salt excoid that the transfer 
of electrons is in twos and not in units and that the group of 
carbon and three oxygens is not spherical us the single atom 
of chlorine was in salt. Again, how’ever, the metal, now 
positive in charge, surrounds itself with as many negatively 
charged neighbours as it can and vice versa. The Htructures 
of calcium carbonate and many other carbonates, which 
have ilie same general basis, are exactly the same os that of 
salt but they have lost the cubic form because ihe COj, group 
is not round. 

• There are many cryst^ built up on this pattern. They 
consist of a metal which gives up one or two electrons and 
a negative counterpart which may be a single atom or two 
atoms or three or more combining amongst theniselveB to 
form groups which lack only the electrons that the metal 
is able to supply. Each group is tightly hound together; 
the Imnds between the metal and the group may not be so 
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fttrong* but are still very much stronger than the bonds 
often found to be holding a crystal together; as for example, 
in the case of the organic substances. Consequently the 
latter are softer in comparison, still more so in comparison 
with crystals formed throughout on the electron sharing 
plan. To this first-named class of substance belong sulphates 
like copper sulphate, metallic oxides and so forth, and 
generally speaking the class known as the polar compounds. 
It is an essential feature of these substances that the molecule 
cannot be distinguished in the crystal. A positive has 
several negative neighbours and has no preference for one 
rather than for another. We cannot link together a certain 
positive and a certain negative and say, ** this is the mole- 
cule.** 

The same sort of strxicture is found in ice. Here an 
oxygen atom wanting two electron compounds with two 
hydrogen atoms each of which, you will remember, has 
but one. With the rules we have laid down we can be very 
nearly sure of the sftructure that ice must have before 
subjecting it to any X-ray analysis at all. We anticipate 
that we may find a structure in which each oxygen is 
symmetrically surrounded by hydrogen neighbours and each 
liydiogen by oxygen neighbours but the oxygen is to have 
twice as many neighbours aa the hydrogen. We had such 
a case in fluorspar, where the calcium had eight fluorine 
neighbours; that, however, cannot be the structure of ice 
because it gives too dense a ci:ystal, unless we space the 
atoms very far apart, more than their known dimensions 
will allow. Ice is a very light substance. The atoms of 
which ice is made must be sparsely distributed in space. 
The dibtrihution must be one in which the number of 
neighhonrs is reduced to a minimum and that is the distri-^ 
bution in which each oxygen has 4 hydrogen neighbours and 
each hydrogen 2 neighbours of oxygen. One cannot imagine 
an atom surrounded by less than 2 others. Now the diamond 
structure is one in which every atom has 4 neighbours. 
Following out this idea we place an oxygen atom where we 
^should place a carbon atom in the diamond but we put a 
jh^drogen in between each pair of oxygens. We have now 
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one slight change to make which does not alter any of the 
distances but changes the cubic crystal into a hexagonal; 
for we know that the ice crystal is a hexagonal column. 
The result is the form which is illustrated in fig. 6; it is 
veiy beautitul m design and veiy simple. The extiaoidinary 
emptiness of the structure is perhaps its most striking 
feature. 
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If we now compare the figure to which wo haye been led 
by trying to use the rules laid down with the actual ioe 
crystal as examined by X-ray methods, we find an excellent 
agreement. In fact, independent methods give practically 
the same result. Here again let me draw your attention to 
the fact that the dispositions of the atoms in the elementary 
cell forecast the properties of the whole substance. The 
feathery snow crystal with its six-pointed star can already 
be seen in the model which we have made. 
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Lastly, lot uio describe to yon some of the things we 
have lecently learnt concornitijc the crystalH of the oigauie 
substances: those which aie ho essential to living organisms. 
They are complicated in structure and yet the organic 
chemist has been able to picture to himself certain funda- 
mental laws as to the relative arraugenients of the atoms 
which have ojiened out a field not only of groat interest 
and lieauty but also of immense impoitaiice in practice. 
The X-rays now come, we hoj>e, to the aid of the organic 
chemist, giving him the imwer of applying a measuring 
rod to the stnictuies he has imagined and thereby ac<|uiring 
a vastly superior insight into then (‘ompohition and 
properties. 

Theie are two classes of these organic snhstances. One is 
distinguished paitieulurly by the formation of long chains 
of atoms, particularly of carbon atoms. To this class belong 
oils and fats, alcohols, etbeis, sugars and so forth. In the 
second great group the essential feature is the combination 
of SIX carbon atoms into a ring, the famous benxene ring. 
The complex molecules contain one or inoie of these rings 
as the Imsi'^ of their structiue. To this class belong the 
aromatic substances, the sw'eet smelling essouccH wdiicli 
give tl»c class its name, as well as toluenes, nnphihaicneh, 
anthracenes, quinines, many of the dyes, and so forth. 

Analysis by X-rays sbow^N that these ring arrangements 
actually exist and have definite dimensions which they 
retain unalteied fioni substance to substanoo. If it were 
not ho we should indeed have little chance of solving the 
problem of organic structure. In naphthalene, for example, 
the unit of nattein is made up of ten carbons and eight 
hydiogens. It would be n hopeless task w-ith our pr^ent 
means and our present knowledge to solve the problem of 
the arrangements of 18 atoms in the pattern, but we refer 
book to the diamond and graphite structures, and argue 
that in both coses w^e see rings of six carbon atoms hound 
together. We assume that the framework of six atoms 
which wo see repeated again and again in the structure of 
graphite can be maintained if by eheuiieol means the 
graphite is broken up. We measure the sices of these 
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rings in graphite and we try to fit them into the cells whose 
dimensions we determine by X-ray metliods. in fig. 6 
is drawn to scale the naphthalene cell which we find has to 
contain two moleculest of naphthalene. The naphthalene 
molecule consists of two lings as in the figure and hydrogens 
are attached lo all the carbons but two. We try whether wo 
can conveniently fit together blocksi of this sisce into the cell 
provided, and are encouraged to find that it can bo done 
very well, Moieover, by comparing one substance with 
another we ran find hints os to the distiihution of tlie blocks 
within the cells. For instance, an anthracene cell is almost 
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exactly the same m all respects as the naphthalene cell except 
that one of rts edges has grown eonsidorably in length. 
Now examine the structure of these two. We find ihat one 
main difference is the fact that there are three rings in a 
row in anthracene and only two in naphthalene, Tt is most 
probable, therefore, that the length of the moleeule in each 
case lies along the side of the cell which shows a difference 
in the two oases. It is an additional confirmotion that the 
inoreaaetl length in anthracene is approximately the width 
of a benitene ring as we deduce it from measurements of 
graphite or diamond. 
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T1ii8 nart of our work has not gone far as yet, it is a 
new field of research. We have not even entered inio the 
lueesurements of the first olasM of organic suhstanees. We 
have nieaMired only a few of the crystals whose molecules 
contain one or more hennene rings. As the different fonns 
of organic crystals can he inimbered in many thousauils, 
there is yet plenty to do. 

A very sti iking feature of the crystal of the organic 
substance is that in this case it is possible to see the whole 
molecule uithin Ihe crystal: ihe bonds lietween the molecules 
arc stioug but the attachment of any molecule to the next 
is weak. As I have already stated the T)Ositive and the 
negative ignitions of an atom cannot counterbalance each 
others effects at every point close to the atom: there are 
what the electrician calls stray fields of force.” Tliey 
are far weaker than this force which binds together two 
atoms which are sharing el€*ctTon8 and even than those 
elertricnl forces uhich bind together the positive and 
negi^five in a crystal like rocksalt. Round about the fringe 
of a naphthalene molecule these stray fields exist at various 
points. When a molecule of naiditbalene is laid up in the 
coripct nay against anolher mulenile of the same substance, 
these stray fields inteilnck and the molecule settles down 
to a neinianerit affachinent. As molecule is addeil to mole- 
cule, the civslul grows but the forces in this kind of com- 
bination me uenk and that is why the substances are so 
soft and can so easily be melted. 

Another very striking point is that two molecules attach 
themselves together side by side with a little more force 
than end to end. When a iiophthaleno crystal grows the 
molecules tend first to lock together side by side and so the 
substance grows in thin sheets and flakes. Naphthalene is a 
substance which can crystaliae from its vapour, and when it 
docs so it tends to form a very light open structure because 
the sheets s^iread sideways and join themselves together in 
various ways. The cleavage of the naphthalene crystal is 
across the ends of the molecules because these are the weakest 
of all the forces which bind the molecules together and are 
first to give way. This side to side attachment seems to be 
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one of the main reaaonB why a film of oil spreads so quickly 
over the water. Langmuir and others have shown that the 
thinnest films of oil which form a complete covering on 
the water’s surface consists of a side to side arrangement of 
the chain molecules of the oil. The lock molecules are like 
the fibres of a pile carpet. 

In a substance such as oleic or palmitic acid, there is 
at the end of each molecule a group of atoms which has a 
strong attachment for water and so to siieak takes root in the 
water’s surface. It is to be presumed that when a drop of 
oil is placed on the water’s surface some of the molecules 
attach themselves at once at their ends and are held while 
the other molecules, exerting their side to side forces quickly 
fit themselves into place. They also take root in the water 
and join up sideways with the inolecnles already in position, 
so the film spreads veiy quickly. 

I have tried by these few instances to explain the trend 
of some recent lines of research. It opens up, I think, a most 
fascinating field of enquiry. Below the infinite complexity 
of material substances, of the crystals which reveal most 
directly the fundamental molecular structure, and still more 
of all the variety of other substances which consist also of 
crystals but so mixed and broken as to be indistinguishable 
by the naked eye: below all this world of infinite variety 
lies another in which are simplicity and regularity and 
exquisite perfection of form. We have acquired new powers 
for insight into that which goes on in these depths. We 
can BO to speak wander about among the various atoms 
whose variety is not so great as to frighten us and we can 
pull and push them about into different places, fitting them 
together into this and that structure trying over the archi* 
tectural designs on which the material world is based. 
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THE MECHANISiE OE a, p AND y-HAT EMISSION 

Bt E. Madowiok, M.O., M.8r, 

(Rrad M*ich 2nd 1922) 

It ifi proposed to examine in relation to one another the 
properties of the a, fi and y-rays from the radioactive substances, 
with the object of mvestigating the mechanism underlying their 
emission. 

That there is some eonnection between the p and y-rays 
Hcema eortam from the fact that they are generally omitted 
together. TTheir resemblance to the cathode and X-rays respec- 
tively suggests that the y-rays are produced by the stoppage of 
P particles, just as the X-rays are generated by the stoppage 
of cathode particles ; the only difference bemg that whereas the 
cathode particles are shot mto the radiating substance, the P 
particles have their origin within the substance itself. Experi- 
ment shows that the enorgv K of a (’athode jiartlcle can be trans- 
ferred to an X-ray of frequency in accordan<e with Planck’s 
quantum relation. 

E^hv . . ... ( 1 ) 

where h Planck’s constant ~ 6*66 x I()~^ ergs, and 

mg .s mass of electron at slow speeds, 
e bb Telocity of li^ht. 
r SB velocity of electron. 



The velocities of the different groups of /3-rays from Radium 
B and Radium C have been measured by Danysz (O.R., 1911) 
and by Rutherford and Robinson (PM. Mag., 1913). The wave- 
lengths of the y-rays from the same substances have been deter* 
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mined by Rutherford and Andhwle (PAii Mag 1^14) who lined 
as a Hourco a tube of Radium Emanation When the ener^es 
of the p particles and of the y pulses are calculated from equations 
(2) and (1) it is found that the spectia do not overlap to any 
very considerable extent This is to be expcctAi owing to the 
difficulty of measunng the wave lengths of hard 7-1 ays Takmg 
only the velocities representing energies withm the range common 
to both spectra the following are the corresponding wave-lengths 
V as found from (1) 


Tabls I 


Radium B 


Radium C 



A X ]0*cm 

8 

A X 10*i4n 

606 

766 

67 > 

1 

692 

685 

825 

648 

1 787 

j 489-475* 

1 67-1 80 

632 

1 ft40 

I 4*^8-443 

201 211 



426 

232 

1 



414 

249 



360 

3 33 ! 




* Groups 


Whiddington has shown {Phd Mag 1920) that the minimum 
velocity of the cathode rays necessary to excite the cliaracter- 
istio X-radiation is 

for the K senes u = 2 (N — 2)x 10® cms/sec ) . .. 

L „ (N-16)xl0« „ 3 

N being the atomio number of the radiator Combining these 
^\ith (2) and (1) the charactenstio K and L wave-lengths are 
obtamed In the following table these are shown for Radium 
Emanation and its products Although it is known that the 
emanation and Ra A do not of themselves emit y-rays, it u a 
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necessary consequenoe of our present hypothesis that their 
characteristic radiations would be excited by the P particles 
from the Ra B and Ra C. 


Tabls II. 


Radiator. 

Atomic Nomber 
N. 

Xk X KPom. 

Xi, X I0*om 

Ra Em. 

8S 

1 18 

817 

Ra A 

84 

126 

876 

Ka B 

82 

136 

9 44 

Ra 0 

88 

131 

909 


The extent of the concordance between these results and the 
wave-lengths as determined by Rutherford and Andrade is 
shown below. 


Tavui m PcKmiATiKa Rays. 


Roth and Andrade • 
reaulu 

X CromTablel 

OharartatleUe K radiallon. 

72 X 10 ^om. 

M2 X 10-W 


99 „ 



1*16 


l‘12xI0-*om. (RftBm.) 

1»7 „ 


1S6 „ 

1 69 „ 



1 69 

i-vi „ 


1 96 „ 

2-01 „ 


2-29 „ 

2*2 „ 


2*42 ,, 

2« „ 


2*62 „ 



2*96 M 



8-24 „ 

S M . 
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Tablb IV Borr Rayb 


Bnth ud AndrmdM « naulU 

Ohuftoiiirijitlo T ndiktlon 

798 X l(H‘om 


809 

817 X lO^Vm (Rb Km ) 

83S 


8M „ 

876 (R»A) 

»I7 .. 

90» . (Rm ( ) 

tfOS 

944 , (lU B) 


It IS perhaps worthy of note that the >\ave length 
845 X 10 cm corresponds to an element of atomic number 85 
Takmg Danysz’s results Rutherford has shown (‘ Radioactive 
Substances and their Radiations/’ p 613) that for a number oi 
groups the energy differences can be represented by the relation 
pEt+qE^ where E, ==0 456xl(H%, Ej=l 556x10^^, and p and 
q are whole numbeis The figures are contained m the follow- 
ing table, those m the last column being calculated by substi- 
tuting for E, and E m the expressions of the preceding coliunn 

Tabis V 


Number of snap 

l>ilfi.nnr« in onorfr 

pB 1 iF, 

Oftlonbitod 

(21) - (20) 

46x10 V 

K. 

468xl0‘*e 

.. -(10) 

187 

SB, 

187 

, -(18) 

166 , 

K. 

166 

.. -(17) 

184 „ 

4B, 

182 „ 

-(16) 

206 

B.+®. 

201 „ 

-(16) 

811 

2k. 

Sll 

.. (U) 

408 

2X, -1-211, 

402 

, - (18) 

448 

SK,-t-2K. 

448 

. -(18) 

4 92 

4F,+2B. 

494 

>. - (11) 

808 

SBi-l-SB, 

1 60S .. 
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If the energy associated with the y pulse is denved from the P 
particle m accordance with equation (1), then it might be antici- 
pated that a similar relationship would hold for a number of 
Imes m the y-ray s])e< trum This is found to be the case for the 
eight shortest wave-lengths of Butherford and Andrade 


Tabl* VI. 


'no 

A 

Ertergy Aiv 

• c 

DUforonee la 
eMrgy 

pe,' t 

Cftloulutfld 

1 1 

72x10 'om 

1 73 X lO** 




1 2 

99 „ 

1^6 „ 

(1) (2) 47x10" 

2K,' + e; 

46x10" 

Is 

1 16 „ 

108 „ 

M (3) 66 II 

Ji,' + 41l»' 

66 .. 

4 

137 

91 

„ (4) 82 

21i,* + 4B;* 

82 „ 

6 

1 19 , 

79 , 

.,-(6)94 „ 

21i,‘ ( 6 e; 

94 „ 

6 

1 69 , 

74 „ 

„ (6) 99 „ 

SE,' 1 se,* 

99 „ 

7 

196 „ 

64 „ 

(7) 1 09 „ 

61%' 2Ei,‘ 

109 „ 

8 

242 

62 

„ (8)121 „ 

6K,' + 8b; 

1 21 „ 


K,'=17xl0*e lt.*a 12xl0'^e. 


To explain this relationship it may be assumed that the fi 
particle is enutted u ith constant velocity, and that m order to 
pass through each rmg of electrons it must give up a definite 
amount of energy i haractenstio of the ring, the total energy 
lost duiing successive opeiations bemg pEi-|-jE,-l-rBj 
But if this energy is radiated m the form of y-pulses there ought 
to be present m the >-iay spectrum strong Imes of wave-lengths 

2 745 X 1(1^ cm coiresponding to Ei — 46bx 10'*« 
and 804 „ „ Ej =» 1 556 „ 

These are not represented 

Moreover it is found that the differenoea between the energies 
of the a particles emitted by the Utamum-Polomum senes can 
similarly be represented by an expression 
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Tabu VIU 


Vo 

Product 

KInrtio oDtrg/ 

fcuergy diffcrcfiOM 


rUoulMed 

1 

UruDinm 1 

646x10-^ 


- 


2 

2 

72 „ 

(2)-(l) 076x10-® 

K/ +h, 

074x10- 

3 

lomiiiD 

74« „ 

(3) „ 101 „ 

SB./ +L/ 

101 , 

i 

lUdinm 

794 „ 

(4) . 140 . 


148 r 

6 


910 .. 

IS) . m . 

3K,> |4K, 

270 , 

6 

R« A 

1 01 „ 

(6) . 366 

SE,’ f6B. 

366 

7 

ss C 

1 31 „ 

(7) , 66-. 

9lS> (9E,^ 

666 

1 8 ■ 

» F 

866 .. 

(8) 221 . 

3B| +3K, 

222 , 


B, ' = 026 X 10-* EV = 048 X 10-* 


A similar explanation might be ap]ilied to this rase on the 
assumption that the a particle originates withm the nucleus 
cvith defamte velocity and gives up an amount of energy charac- 
t< nstic of the nucleus m its passage out But as will be shown 
below, the energy of the o particle can be accounted for on the 
assumption that it is shed from the <nUside oi the nucleus so that, 
m Table VIII at least, the pE +gE relationship appears to be 
either accidental or due to some unknown cause 

On Rutherford’s nuclear theory of the atom, derived from 
considerations of the scattering of < particles on their passage 
through matter, the atom consists of a positive nucleus of charge 
Ne and radius of the order 10~“ cm surrounded by N electrons 
withm a sphere of about 10 * cm radius Suppose first of all 
that the a particle starts from rest at a distance r from the 
centre of the nucleus and that its velocity is acqmred simply as 
the result of the mutual repulsion in accordance with the law of 
mverse square between the change Ne of the nucleus and the 
(barge 2c of the a particle The energy of expulsion is then 




Nex2e 


lb 


2Ns* 


“i/T is- 

also 

where H ■■ mass of a particle • 6 6 x 10~** gm 
V • velocity. 


( 4 ) 

( 6 ) 
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Values of the velocities of the a particles have recently 
been published by Geiger* {ZeUschrift ftir Physik^ December, 
1921). From his results the value of r corresponding to each 
value of y has been calculated from (4) and (5). In the following 
table is also shown the number of electrons in the nucleus, 
obtained by subtracting the atomic number (the net number 
of positive charges) from the atomic weight (the actual number 
of protons). 

Tabli IX. 



V*rl(l^ cm 

... 



... 



Frodttot 

KXlCr 

(»!■) 

N 

"R" 

Atoah} 

irtleht 

la 

nnOlflui 

Ursnlum 1 . 

1-306 ' 

6*384 

92 

6-416 

K 10“** om* 

/'OSS '5 

146 

» 2 .. 

1-462 

6-949 

02 

6848 

>1 

*<234 6 

U2 

lonmm 

1-482 

7*141 

00 

5*667 

•t 

l280*6 

140 

Ksdinm 

1*011 

7*422 

88 

6*288 

It 

226 

188 

Ra. Bm. 

1*618 

8-467 

86 

4-486 

II 

222 

186 

.. A 

1*688 

0*262 

84 

4*006 

If 

218 

184 

» C 

1*028 

12*00 

83 

3*066 

II 

214 

131 

» F 

1687 

8*101 

i- 

4*680 

>1 

210 

126 

Thonom 

1*486 

6*601 

00 

6*042 

•I 

282 

142 

Radioth 

1*600 

8*320 

00 

4 778 

11 

228 

138 

Th. X 

1*648 

8*772 

88 

4*482 


224 

186 

,, Sm. 

1*728 

0*708 

86 

8*016 

II 

220 

184 

II A 

1*796 ; 

10-40 

84| 

8*688 

II 

316 

182 

» 0 1 

1*606 

0868 

83 

8*021 

*’ 

212 

120 

.. C' 1 

1 

2*063 

18-83 

84 

2-088 

ti 

212 

128 


* I*otope« of Atomio woighta 238, 234 and 280 respeotirely Are uaumed. 


The a particle is constituted of four protons and two elec- 
trons. If the electron be regarded as a charged sphere, and if, 

* Those in Table VIU. were Ukm from Ratherford's <*IUdlo«ollve 
Snhstsnoss sad their RsdisUoiis.” The esrlUr port of this paper WM 
written before the pabllostion of Geiger’s rsmlte. 
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as tile experimental evidence indicates, its mass is electro- 
magnetic, 

“- 3 ^ ( 6 ) 

where a is the radius of the electron. It will be seen from (6) 
that if these two properties be attributed also to the proton, 
the radius of the proton is 1800 times less than that of the elec- 
tron, since its mass is 1800 times greater. On this view it would 



Number Etecfronn mbktcUui 


7x0. 1. 


appear that the sue of the a particle (regarded merely as tiie 
space it occupies and having no reference to the force it exerts) 
is practically identical with that ot the two eleotrtms it contains. 
Thus if tiiere is any ordered arrangement of tiie a particles in 
the nucleus before emission the r in (4) tiiould be a function 6f 
the number of electrons in the nucleus. The two quantities are 
plotted against one another in 1, the Uranium series being 
shown by circles, the Thorium series by nosM. Neglecting 
for the moment the points corre^nding to Ra. F and Th. C, 
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these he roughly about i straight line the slope of which mdi 
cates that for each electron emitted by the nucleus r decreases 
by about 2 2 x 10 cm To interpret this result it is ncces 
Bory to explain how an particle can occupy a position of equili 
bnum at a distance from the centre of the nucleus of the order 
of 6x10 cm the stable portion cf the nucleus having a 
radius of between 2 and 3x10 cm Chadwick and Bieler 
{Phil Mag Dec 1921) m their work m the colIiHions of a jiar 
tides with hydrogen nuclei have shown that m these collisions 
the law of force is approximately tliat of the mverse square 
outside an oblate spheroid of semi axes 8x10 and 4x10 
cm for lesser distances the law of force changes Unless at 
very close distances repulsion changes to attraction it is lifhcult 
to see how the nucleus can hold together at all and to explam 
rig 1 it seems necessaiy to suppose that the outermost a par 
tides are held to the nudtus by attractive forces in the 
manner shown m Fig 2 (a) m which electrons are indi 
cated by full circles and a particles by broken circles The effect 
of the protons is probably to bind the electrons together 
the most stable umt being the a particle If we adopt this 
model r will decnase by 2a when one electron is eimtted 
From (6) o=l 85x10 cm and 2a 3 7x10 “ cm Ac 
cepting this value the fact that it is greater than the 
2 2 X 10 cm obtamed from £ig 1 can be accounted for by 
aanimiTig the nucleus as a whole to rotate with angular velocity 
in which case the velocity of emission is the resultant of two 
velocities at right angles to one another a radial velocity 

and a velocity f» of rotation (The altemative ex 

planation that the electrons suffer distortion under the action 
of mtenso forces deserves mention though no method of testmg 
presents itself) If r is the distance before emission of one < par 
tide from the centre of the nucleus (r + 2na) that of another 
a particle separated from the first by n electrons 



V,* 


4N.s' 

Mr 


V.*- 


4N,e* . 

HXr,+2»io) 


(ri + 2na)*u^ 


(T) 
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By applying these equations to two of the representative sub- 
stances contained in Table IX , approximate values of r and w 
can be found This has been done for Thorium and Thoiium C* 
Substituting the appiopnate values for V and N, and notmg 
that n=14, it is found that 

o> « 1 6 X 10” sec and 
for thonum Ci‘ r =« 2 8 x 10““ cm 

For any other substance m the senes 

r - (2 8 X 10“** + 2na) cm (9) 



<7 b 

Fio I 

Referring to Fig 2 (a) (which is the simplest possible stracture 
and 18 not mtended to illustrate any particular senes) we may 
imagme an a particle to have approached so near one of the 
three there shown as to be attracted by and revolve with it 
It may then expenence a disturbance which will cause it to be 
released by say, the third and be attracted by the second In 
this way the « particle may move from one circular orbit of 
radius, r+2na to one of radius r-f2(n— 2)a, m which case an 
amount of enei^ 
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will be liberated. If, following Bohr, we aeerume this to be 
radiated in accordance with Planck’s quantum relation, 

iMw*{(r+2tw)*— fr+2(n— 2)a/} c= . (lO') 

Substituting for r from (8) and putting n=2, 4 . . . . 12 the fol- 
lowing values of the wave-lengths are obtained ; 

*M6 X 10** cm. 

•* 

ft ft 

ft It 

ft tt 

ft ft 


*459 

*S86 

-3S3 

*292 

*261 


Tt seems probable from a study of radioactive changes that 
the nuclear structure varies to some extent among atoms of the 
same substance. In Fig. 2 (&) is sho^m a possible variation of 
the structure illustrated in Fig. 2 (a). Proceeding in the same 
way. the wave-lengths for this arrangement are 


•507 X 10-* odi. 


•419 

•S57 „ 

•311 „ 

•275 „ 


tt 


tt 


Ellis has shown (Pror. Roy, Soc.. 1921) that the spectra of 
the i^i-rays excited m various substances by the y-rays from Ra. B 
can be explained on the assumption that there are present y- 
rays of wave-lengths. 

•519 X I0-*om. 


'48S 

•423 

•354 


tt 

It 

tt 


•339 

•308 


if 

•• 


f 


To Bum up, the evidesoe outlined above euggests that 
unstable part of the nucleus of a radioactive atom has a linear 
structure, and is constituted chiefly of « particles. These are 
held together by forces of attraoticm, but if the first partide be 
displaced sufflcientiy, the attraction ie superseded by the ordinary . 
force of npulsion and the particle is expelled. Towards tiie 
end of eaok eeries, as can be Been from an examination of tiie 
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last two columns of Table IX., there are electrons which do not 
enter into the composition of a particles, and the departure of 
Ra. F and Th. C from the ordered arrangement shown in 
Fig. 1. is probably due to the fact that the a particle from each 
of these substances is liberated in loose combination with an 
electron, and moves with it for a short distance. The nucleus 
as a whole is in rapid rotation, and the movement of an a particle 
one place along the unstable portion involves a change of energy 
of the same order of magnitude as that associated with the 
hard y-rays. This is put forward as a possible origin of the 
y-rays. The energy of a y pulse can be imparted to a )9 particle 
and the high-velocity ^-rays probably derive their energies from 
the hard y-rays, the wide /J-ray and y-ray spectra being due to 
successive interchanges of energy, each one involving a sufficient 
expenditure of energy to liberate the electron from the atom. 
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Consider the values of the followinfir intefprals, after sub** 
itituting the values of the constants obtained above, and 
choosing a suitable value tor Ai 


Vi 

Vi 


sin (ar/f) 




ftt* 


f ~W) 

AZms* r f sin /ia(/ — c)/o 
~ tiTfl,* J (sin -c)/c 
^ flin_o sin /)/c 


11 . 


12 . 


^ \ '-j f V'' ''ft ” 

where F(a)««(l/fc^) {ft,* coa «-fci em a + fc, eiu e) sin 
fuiih-e)le 4 - %ifia ain a (oa fl)/e} 

over the contour suggested by Caralaw {PM. Mag, May, 
1920, p. 604); t.e , the path P of figure 1 , in the a piano, the 
argument of a on the right lying between 0 and *'4 and on 
the left **■ 4 and »r. 



Now V| satisfies 1 since each element of the integral 
satisfies it, similarly e^ satisfies 2 * Also conditions 4 and 6 
are satisfied. 

wk«.r-i 

troj* •/ 5o* 

Since the integrand is an odd function of «, the path Q 
(fig. 2 ) may be formed, consisting of the image of the path 
P in the real axis, and two circular arcs of infinite radius 
having the origin as centre. 

The value of the integral over path Q is tsrico that over 
the path P, since the ealue over the arcs vanishes in tiw 
limit. 
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The only pole in the contonr is a be 0 and the reaidoe 
there ia —(oi 'c)*t. 

Vt» A.t when r = h. (Vide 6). 



The integrand has no poles above the path P. Hence 
if the contour is completed by the arc of a circle as in figure 
3, the ongin being the centre and the radius tending to 
infinity, the integral over this path is eero In the limit 





3 - 


the value over the circular arc vanishes, therefbre the value 
over the the path P must vanish. 


B 0 when t •» 0 l 
Similarly ■■ 0 when t as 0 j 


(Vide 3). 
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rhe solutionn are : 
A6c» 


- 


A6c* J' Bin (ar/c) 


g-(o,a/c)V 


■w 


ra“ 




^ = - 


AW /'/ 


Bin /*a(r— c)/e 
Bin fta(6 c)/r 


e (•!«/<!)■< 


w 


cia. 


. Bin a sin fta^ r)lc \ 

F(^a) sin /ia(b elifc J 
the integrandt) being odd in each case 

Considering the value of vi, we have by taking the 
residues at the poles of the integrand 

A. A/c*-r^^?>'-c* 2c»/l l\/ki fe,\l 

+ a/ +xw~r)w- if)i 

2AW ^ Bin (flur/o) e-(*i««i/c)^ 


«!* 


^ Bin (a*r/o) 


ra»* 


where is the n* root of F(a) = 


■ 0 and F' " ■ 


It can easily be shown that F(a) » 0 has an infinite 
number of real non*repeated roots, there being corresponding 
equal positive and negative roots. 

8 / ® 

The mean temperature ^ J 4irr 



§^. 

SofM aa §i wUh fintte wnduetvcity at the turfaee. 

n . Ahbe* /’. . / , V e (®We)*< , 

rake Vi>B - J A, sin (ar/e) i%. 


Vt — lia(r-e)/6 

\ e“(*i*/®)** 

+ Bi am f*tt(6 -r)/«| da. 

OTer the path Q since the solutions must satisfy 1 and 2 
saapectively. 
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The initial and surface conditions to be satisfied are 8 
and 4, together with 

fei ^ At) B* 0 when r 6 

where h is the surface conductivity. 

This condition leads, after reduction, to < 

At sin (<^—5) —B, sin ^ bd 1/b 

kit*a _ kt—hb 


where sin ^ < 


cos fb - 


V 


6e 

q =s 

Using the expressions 9 and 10, giving At and Bi in terms 
of Ai, we find 

1 


A.1 ■ 


i^sin (« COSO -sin o) 


+ sin o j sin (<fr-g)-co8 (^-g) j J 

„ A.hbt’ f sin (or/e) «-(*»•/«)’* ^ 

Hence v. - - F„) ^ 

( ! "y + ^) 


2AW 

, i 


3ft. 

“ sin (»!»*•)») a ~ 

S ~t[i \ yo,* 


Oi' I 

where «« is the n* root of !?’(*) * 0. 
The mean temperature 




6AW»o * ^ 


sin^ 

«» 


Ol- 1 \ «»' *• 

As h -~*oa 14 reduces to 18. 


cos g, j 
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§3 

Uean Umperatwn of a liquid eontainod tn a eylindrieal hvJb 


having xnfintU conduotxvUy at the eurface 
The equations to be satisfied by Vi and Vt are : — 



The initial and surface conditions are 3, 4, 6 and 6. 

Now ®, = A, Jo(ar) 0 " 17. 


+ . is: 

satisfy 16 and 16 respectiToly. Jo and Yo are Bessel and 
Neumann Functions of sero order. 


Aty = e. AiJo(ao) a« At{Jo(/Mk:)/Jo(fui6)}+B({To(/«ie)/Yo<;(ab)^ 
/(iA|J|((>o) ** fc^{A«J|(^)/Jo(/Mtb) + B(Y|(fuie)/YoOMi6) 


Consider the integrals 



The condition ■■ At when reah gives 


A, + B.-l. 

From these equations in A, A* and Bt we find 


A, I 


'3<!tJo(ae){j‘,(30)Yo(gl>) - 


— pJiCoe) |j'o(9o)Yo(!{b) - Yo(9e)«ro(q6)}] ' 
where 9 • /m pa 

A f Jo(«r) 0 “(®t«)*‘ j 


"m 


Thai vi satisfies the condition ciaO whentaQ may bo 
shown as in § 1. 
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2A « Jo(v) a -(».■»*)« 

“ a,’ I "FfSj 0 ? 

where <Si is the n!* poaitive root of F(a) xs 0. 

The roots of F(a) = 0 are infinite in number, real non* 
repeated and to each positive there is a corresponding equal 
negative root 


Mean temperature ' 


2 /'* 

rvidr. 


X* , c* 0 * /fe, k,\, 6 » 

1 W +8o,'‘*‘2fc» s } 

s . 19. 

1 V P {«») 

Sam^ a$ § tenth )tntt« aunoM conduetxvity 
Taking vi and as in 17 and 18 and the condition 

hf + h( 0 | — At) *■ 0 at r s* 6s 

A ‘ 

" ^tJo(«ir{NJ.(3e) - MT»(qc)} ^ 

— /J'i(oo) |NJo( 98) - MToCqe)}]"" ^(») 
where M ■ hJoCgb) — ft,/«aJi(qb) 

N ■» ATo(5i») — 

qaifta. 

Mean temperature— 

A I .6* . ^ ®* Z'*' ‘ x5j\ i 

* At-A { ^+g^, + '•■S) ) 

f . 20. 

®iV I *« ™c®s) 

where s ie the n* positive root of F(«>»0. 

Nvmtneci eondtmont. 

The mean lag of the thermometer m all oaeee takee the 
general form — S $^-p^ where is the steady limit i i i g 
▼alue, being a function of s where «h, is the positive 
root of the appropriate equation in a. 
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Kumerically all terma of the aeries are negligible compared 
with the first and thus we may write the lag = 

It is also found that 0 ^ differs very little from and for 
numerirul calculation, the form ^.(1— will be used. 

It is assumed that the wall of the vessel is very thin 
compared with the radius of the bulb. By this assumption 
^he equation (F)a 0 is very much simplified in order to 
get the root ai, which is the first root of the equation other 
than zero. 

In the calculations the units used are r*g*s. 

To obtain a comparison of the lags in different ther- 
mometers, equivalent bulbs arc taken, i.s., same volume 
expansion per degree rise of temperature. Assuming that 
the coefficient of apparent expansion of alcohol is six times 
that of mercury, the radii of the equivalent bulbs are as 
follows : — 

t m radilu. 

Mercury nphere 1 cm* 

Alcohol sphere ... -hd cm. 

Mercury cylinder >36 cm. lengthaclO oms 

Alcohol cylinder *145 cm. length^lUcms 

Also 

Mercury ... fr = *0197 .. a*a*-0437. 

Alcohol ... -00043 ... a* » -0009026. 

Qlass ... fc5=-0016 .. a* =t -00329. 

If the aeroplane la ascending or descending with a 
, velocity of 1,000 feet per minute and the temperature 
I gradient is 1-9°C per 1,000 feet of height, then Ass032°G per 
second. 

The following lags are calculated on the assumption that 
b-o = -06cm. in all oases and the experimental result that 
It -00309 c.g.s units for a speed of 60 m.p.h. 

InfiniU turfaee conduetMty f/t— »oo). 


Mercury sphere 


•213(1 

Alcohol sphere 

.. 

•81 (1 

Mercury cylinder 


•09 (1-r--**)* 

Alcohol cylinder 


•18 (l-s--^)* 



16T 


Ftrnte swrfate eonduel^y (h -00309 e.g.e). 

Mercury sphere .. 1-849(1— 

Alcohol sphere ... 1-79 (1 -o'"®*' ) 

Mercury cylinder .. 1-06 (1 e-®** ) 

Alcohol cylinder -60(1— «-"*•) 

These expressions are shown graphically in the appended 
diagrams 
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THE THEORY OP ROWING. 

1 By F. H. ALKXAiiiDKii, M.So. 

Rend Not. 4th, 1921 . 

Rowing is an art as well as a science. The physicdogical and 
psychological characteristics of the rowers put limitations upon 
the amplitude and duration of the forces they can exert. 

Whether these forces are known or not the applioatian of 
them to the propulsion of the boat comes under the laws of 
mechanics, and the present paper aims merely at giving a state- 
ment of the manner in which these laws operate in the case of 


-ncl- 



rowing ; and to explam it by graphic representation. 

Much has been written about the practical side of oarsman- 
ship ; comparatively little about the theoretical side. In 1773 
Euler published his “Complete theory of the Construction and 
Properties of Vessels.” A supplementary chapter of this work 
dealt exclusively with the principles of rowing. He omitted 
reference to some parts of the problem which are of importance 
in these days of light boats ; but certain later writers mi|^t 
have avoided errors of thought if they had studied that chapter. 

Reference will be made later on to some experiment^ woric 
carried out in Franco and England in order to ascertain the foioss 
actually employed in towing. 

Hie complete cycle of the rower’s movements comprises tiie 
“stroke,” wMoh propels the boat, and the return or “featiier,” 
during which he moves aft to commence the following stroke. 

In boats of the racing type, in which the oarsmen sit almost 
on a level with the water surface, the path of the inunened oar 
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blade is along an arc of a oiicle forming a section of a cone with 
its apex at the rowlock. Similarly the hands move along an art 
of an inverted conic section. In Fig. 1 G.E.O. represents the 
“centre of pressure “ on the oar blade, and C.E.H. the “centre 
of pull” of the hands. Strictly speaking, these centres are not 
fixed points during the stroke, because the outer hand and the 
outer part of blade are more concerned at the early part of the 
stroke, and the inner hand and inner part of the blade towards 
the finish. 

■7Em2- -nc3— 



oonaiderable extent. 

The amplitude of the path of G.E.O. (aasaming it fixed) 
varies 'with different oarsmen and according to rig and length oi 
oar ; but the commencing angle is seldom greater than 60° witli 
the thwartship plane and the finishing angle seldom greater than 
40” abaft that plane. 

Aasaming the blade immersed and making an angle d widi the 
thwartship plane, consider the principal forces operating 

liistlj (Kg. 2) the forces normal to the axis of die oar, 
are Pj at “C.E.H. ’’ : P» at “C.B 0 ” : Ps (the sum of Pi and 
Pk) at the rowlock. 

Pi and that part of Pi which is eqpal to Pi foi|nan “inboard 
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couple ” of radruB n ; Ft and its equivalent part of Ps form an 
“outboard couple” of radius rr. Takiiig moments about the 
rowlock : Piri=Ptr*. 

Considering first the “inboard couple” only, H (Kg. 8) 
represents the fore-and-aft component of the pull of the rower 
as the movements of his shoulders are more nearly in a straight 
line than on an arc such as that of the oar handle. The pull H 
may be resolved mto components Pie=H cob 0, and 0=cH sin 0. 

H is balanced by a reaction 8 of the rower’s feet upon the 
stretcher. 13118 reaction is transmitted by the boat and rifgpng 



to the rowlock, and as the rowlock does not move in relation to 
the boat there must be an equal and opposite force Hi equal to 8. 

The force 0, acting along the axis of the oar, causes pressure 
of the button on the rowlock. This force is outward during the 
earlier part of the stroke, but inward during the latter part. 
The “ inboard couple” does not directly propel tlie boat, but 
causes stresses in the hull and rigging. 

Cooridering next the “outboard couple,” and referring to 
Kg. 4, the pressure on the oar blade Pa is transmitted by the oar 
to (he rowlock as part of Ps. This may then be resdved into 
Od&Lpooente TssPa cos 0, and &«>Pt nn 0. Of these, 6 aeta m 
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an inwsid compressing force on the tigging during the fint 
part of the stroke and as an outward force during the later part. 
The force T is that which propels the boat. During the studce, 
at anj instant, there is a resistance B due to the speed of the 
boat through the water. At that instant the force (T— B) is 
available for accelerating the speed. If W represents the 

weight of the mass to which an acceleration is given, then 


Put into another form, it can be said that T<=Bi if Bi repre- 
sents the “dynamical” resistance and not merely the lesistaiioe 
due to speed. 

We have now considered the principal forces on the oar, 
but there are certam lesser ones which should not be omitted. 
At the beginmng of the stroke it is necessary to accelerate 
the angular motion of the oar up to the speed required for 
its operation ; and agam at the finish that speed must be 
checked till the oar is for an instant at rest and about to com* 
menoe the swing m the opposite direction. This means that 
the inertia of the oat must be taken mto consideration. If 
weij^t of oar, i;=iadius of gyration, and f=distsnoe from row* 


lock to C.O. of oat, we have : — 




where pd is the couple necesscury to give the oar an angular 
acceleration of Thus we have, m effect, a subeiiliaiy oan- 
like action as shown in Fig. 6 

At the C.G. of the oar, at a distance r outside the rowlock, 
there acts the couple pir, and at the haniUe the equal couple 
pul. The hands pull with a component force h during the early 
part of the stroke and relatively push during the finishing part. 
During the middle part of the stroke where there may be no 
acceleration present (as regards oar in relation to boat) these 
forces vanish. The forces on the rowlock have similar corn* 
ponents to those of the principal forces already referred to, but 
the oompooent corresponding to propulsive thrust at oonunenoe* 
ment and the component of opposite direction at finish, should 
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not be included with the principal throat or the principal xeaut- 
anoe, because their effect is taken account of when dealing witli 
the effects on speed produced by the movements of the oarsman 
and oars, as will be explained later on. It is necessary however 
to include h with H or pi with Pi when considering the actual 
forces exerted at the hands and on the rowlock, and to dis- 
tinguish between them in order to aaoertam the efficiency of 
propulsion. 



We next consider the means by which the pressure Pt is 
obtained upon the face of the blade of the oar. If the blade is 
travelling at the same speed as the water surrounding it the 
pressures on the front and back are the same, just as a boat 
floating with the same speed as the current experiences no 
resista n ce at either stem or stem. To obtain resistance or 
pressure on the after face the oar must move faster than the 
water is moving from it. This excess of speed, which is often 
referred to as “slip” is in reality the “thrust producing” speed. 

If, at a given instant of time, the speed of the boat in relation 
to the water is Vo then, at a distance as &r out from the boat’s 
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side as the oar blade, we may aaraiae the speed of the water 
paatdiig the boat as Vo also. The ^peed of the water away from 
the blade and normal to the oar axis is Vo cos # (Fig. 6). If the 
speed of the oar is Vi then the excess speed Vf is the speed whwh 
causes the pressare Pa A completely immersed flat plate 
towed in a Erection normal to its snrl^e has been found by 
experiments to have a resistance expressible in the form 
P=K.A.V.* and a value usually accepted for K is 1-2 and for n 
IB 2 where P expresses pressure in lbs. and A area of front surface 
of plane m square feet, the speed of advance V being in feet per 
second. 

The conditions in the case of an oar blade are not so simple 
as those of the plane for (1) the surface of the blade » curved, 
especially towards the tip where it turns towards the direction 
of motion. (2) The blade is very near Ihe surface, so that an 
air-filled cavity appears at the back. (3) The motion is trans- 
verse to the stream as well as normal to the axis of oar. It is, 
therefore, possible that the value of K and n may vary during the 
stroke and may at no part of it have the values given above for 
an immersed plane. It will be seen later on, however, that the 
assumption of those vidues for apphcation to an oar blade appears 
to give results in reasonable accordance with practice. 

The curvature of the blade toward the tip should apparently 
produce the effect of increasing the pressures near the tip when it 
first enters the water, and of reducing them near the finish of 
a stroke. This should cause the centre of pressure first to move 
outward a httle and afterwards to move inward along the 
blade. 

Leaving the subject of propulsion by the oar for a time, we 
consider next the effect of the rower’s movements upon the 
apparent speed of the boat. 

We have a “moving system” consisting ci the combined 
masses of boat, rowers, oats, coxswain, and of a volume of water 
which accompanies the boat and shares in her changes of velocity. 
In vessels of ordinary type this has been found by experiment 
to amount to about 20 per cent, of the displaomnent. 

The movement of the centre of mass of a system is unaffected 
by movements of parts of that system within itsdi ; but where 
movements of some parts take place movements of the other 

IS 
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parts also take place in an opposed direction so as to maintain 
the centre of the system in its position relative to external 
masses. 

This principle is of importance in the case of light boats 
with relatively heavy crews : such for example as those used 
for sculling and racing 

In Fig. 7 the time To Ts represents that occupied in a 
complete cycle, ToTi representing the “feather” and T 1 T 2 the 
“stroke.” If, after completing a stroke, the rowers remain 
still, the speed falls gradually as represented bv ADB. 

"" 7 ^ /fbwg-ffs Sr/iL — 






As n vanes approximately as (Vo)* the falling line is not 
quite straight but curves slightly concave to the time line ToT*. 

In Fig. 8 the rowers are assumed to move as they would if 
rowmg, but to keep their oars out of the water. The apparent 
speed of the boat as measured by looking at a fixed part of it 
(such as the stem-head) is represented by the line ACDEB. If 
however we could watch the poedtion of the “C.G.” of the boat 
and contents instead of the stem heads, the speed of this “C.G.” 
would still be practically as shown by the line ADB in Fig. 7, 
It is of course a common experience that when the bow of a small 
boat has been brought to a bank and one walks forward to get 
t he walking forward seems to draw the boat away frean the 
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Now if we conaider tlie shaded area (Fig. 8) between AD and 
ACD daring time ToTi this area represents the distance moved 
by the boat in a forward direction, and similarly the area between 
DB and DEB represents the distance moved aft, and these 
distances must be equal because they result from equal distances 
moved by the rowers , therefore effect upon the average 
speed during the complete cycle is ml. There is however an 
indirect effect upon propulsion. 



During the “stroke” between Ti and Tt the forward com« 
ponent of blade thrust gives acceleration resulting in a rising 
curve of speed, which, when superposed upon DEB, gives DFG 
of Fig. 9. If the speed at G has risen to that of A (at To) then 
the boat is maintaining a “sustained average speed” which 
may be determined by integrating the speed curve with tune, 
and dividing the distance so obtained by the time interval ToTt. 

At first sight, the drop in speed during the stroke seems a 
disadvantage, but it acts in a manner analogous to that of the 
wake behind a ship upon the screw propeller ; it causes a lower 
speed of oar to get the thrust, and thus prolongs the time during 
which the acceleration is given; this obviously results in a 
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changmg speed Vo sumlar to that given m Fig 9 The integral 
of Yi gives the movement of the “C E 0 and this, convuted 
mto angular movement, is represented by the curve $ 

The curve Yo cos $ represents the speed of water away from 
blade, but normal to axis of oar (see Fig 6) Therefore Y( 
represents the “ thrust producing speed ” 

The instant A is that at which the oar blade should become 
completely immersed At the instant B it should be brought 
out 

Durmg the time of unmersion bending of the oar is caused by 
the forces at each end, and this causes a shght change of angular 
position at the blade, the nature of which is represented by the 
curve marked “ $ with lag ” 

Fig 13 shows the curve of Ps or blade pressure normal to oar 
axis correspondmg to the accompanying value of Y( From this 
18 derived the component Pz cos 0 or propulsive thrust T The 
mtegral of this latter curve is proportional to the morease of 
. speed resultmg instant by instant, and thus may be obtamed 
the curve Yp (which was i^erred to in Fig 9 as DF6) 

Now the curve of “hands on are’* is directly proportional to 
that of Yim Fig 12, and if the other curves of Fig lOaieobtam* 
able, BO as to give the curve Yo of Fig 12, it becomes possible to 
adjust the shapes of all the curves concerned so that they fulfil 
the controlling conditions It is a process of tnal, error, and 
correction if quantitative values ate desired 

It may help to make the subject clearer to some readers if 
an attempt is made here to express the various factors concerned 
by means of estunated quantitative results 

The case of a “racmg eight” is selected and the following 
weights are assumed — 


Boat 

280 lbs 

8 Oarsmen 

1,368 „ 

8 Oars 

72 „ 

CoxBwam 

130 „ 


1,860 lbs 

Accompanying water 20 % » 

870 „ 




2,220 
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The boat is 62 feet long and the reautance at a speed of 17 feet 
a second is estimated to be 84 lbs. and to vaty nearly as (Vo)* 
over a range of neighbouring speeds. This resistance includes 
the effect of the wind pressure caused by the speed when moving 
in still air. Ninety-four per cent, of the water resistance is dne to 
fluid friction on the immersed soiface of the boat. Actual 
wind against the direction of advance makes a large increase in 
the resistance, as oarsmen know ; it is estimated that a 10-knot 
wind blowmg slightly on one side so as to catch all the rowers 
and the coxswain, raises the resistance from 84 lbs. to 130 lbs. 
at a speed of boat of 17 feet per second. 

Fig. 14 shows the dimensions of the oar. 

The centre of effort of the oar has been calculated on the 
assumption that the pressures vary from neck to tip as (V|)*. 



Some writers make use of the centre of gravity of the blade 
lamina, but this would involve pressures of the same intensity 
over the whole surface : others consider the pressure to vary 
as Obviously the value of V( at the neck is smaller than 
that at the tip. The ratio of '‘outboard” to “inboard” is taken 
as 2*4. The arc swept through by “C.B.O.” is 12*24 feet in 
length, the angular movement being from 60° forward of the 
thwartship plane to 40° aft of it. 

Each oarsnian is assumed to be of the same force capability 
as hU fellows and to be moving in perfect unison with them ; 
an ideal imaginaiy crew. 

Preliminary ti^ and correction shows that a maximum pres- 
sure on the oar blade of 60 lbs. can maintain a sustained average 
speed of nearly 17 feet per second and that ^e time taken in 
swinging the oar tiurough its full angular distance during the 
stroke is seven-tenths of a second. 
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For the 60 Ibe. pressure on oar blade the thrust speed V| at 
'‘C.E.O.” is 7 feet per second. 

Assuming that about 80 per cent, of the weight of each man 
can be given to acceleration of his own body and that he can in 
addition use the necessary force to accelerate his oar, it becomen 
possible to draw the curve of Yi throughout the stroke. This 
curve Vi can not at any instant be more than 7 feet per second 
in excess of the value of (Vo cos {/). The area under Vi must 
represent the 12*24 feet swept through by the oar blade. Hie 
rate of rise of Vi at commencement and during early part of 
immersion must be proportional to the integral of ^ forces , 
that ore employable instant by instant. The integral of Vj 
gives the value of at each instant and thus Vo cos ff for that 
instant is obtainable. 

The maximum speed of oar is 22*4 feet per second and the 
“slip” at this speed is 31 per cent. 

During "stroke” the initial speed is 16 feet per second ; the 
lowest speed 13*60 feet per second ; mean speed 14*80 feet per 
second; and the distance advanced 10*36 feet. Hie final 
speed is 17*66 feet per second. 

During "feather” the initial speed must be the 17*66 feet 
per second just mentioned ; the time of fall to 16 feet per second 
is 1 ‘09 seconds, therefore this is the time allowable for "feather.” 
The maximum speed is 18*96 feet per second ; the mean speed 
18*10 feet per second ; and distance advanced 19*70 feet. 

Thus the time of cycle is 1*79 seconds and this means S3| 
stiokes per minute. 

The distance moved during cycle is 30*06 feet giving a sus- 
tained mean speed of 16*80 feet per second. 

(This speed would, if continued throughout, without allow* 
ance for fatigue or for loss of time at starting, and with no wind 
or current, cover the 6,870 feet of the Henley Royal Course in 
6 minutes 60 seconds). 

Although the time of stroke is seven-tenths of a second the 
oar blade is fully immersed for less than six-tenths of a second. 
Hme is required for dropping and lifting and for accelerating 
and checking the car. 

The innxiTnum force on oar handle normal to axb is 190 lbs. 
to balance the 60 lbs. on the blade, but at each end of sfatokn 
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tbere are the additional forces employed in aooderating and 
oheoking the oar, which have been already referred to (Fig. 6). 

If these forces ate inchided, it becomes posmble to obtain 
a diagram representing the pressures on the rowlock throughoat 
the stroke, and to separate these {nessares mto thoae used in 
propulsion and those used for acceleration. As the latter are 
positiTe at commencement and negative at finiah, their final 
efieot upon the propulsive part of the diagram is very amall, and 
appears as a movement of the observed rowlock pressures to a 
shghtly later angAlar position. In Fig. 16 Curve A represents 
pressures on rowlock normal to oar axis ; Curve B represents 
the corrected pressures concerned in propulsion alone (the 
differences being acceleration pressures). 

From Curve B may be deduced the (Wve C showing the forces 

-EsJ5- 



Pi at hands (see !^g. 2), and the area under C then represents 
the work done at the hands and directly concerned in propul- 
non. For the illustrative case this work is 600 foot-pounds per 
' man per stroke. 

If it is intended to estimate the ptopulfflve efBciemy of the 
rowing, then it is necessary to include the following other pieces 
of work in addition to the above 600 foot pounds ; (a) that 
involved in oar and body accelerations ; (6) that involved in 
raising and lowering the G.G. of the body (c) that involved in 
making the whole of the "feather** movement, (d) that involved 
lu ovotooming internal resiatsnoes and subaidiaty muscular 
movements during the complete cycle. Of tiiese, (a), (6) and 
(c) may be calculated, bat (d) is at present an unknown quanti^, 
and may vary considerably in different individuals, and wi^ 
difierent styles of movement. 

The integral of the Speed Curve Vo (Fig. 12) pvee the distenoe 
• adva^d ly the rowlock instant by instant, and the integral cf 
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Vi gives the angular { osition of the oar so that it beoomes pos 
sible to obtain a figure giving the path moved through by a 
po nt on the oar In Fig 16 A shows the path of the lade tip 
dunng stroke (as projected in plan) and fi is the path ot a point 
near the neck 3 feet m from the tip Fig 17 represents for com 
panson a photographic record to which reference is made later 
on 

Now it 18 reasonable to ask how far are these estimated forces 
and speeds m ac ordance with those which ac tually exist ? To 
answer this it is necessary to refer to such measorements as 
have been recorded 



In 1904 Mm les docteurs Lefenvre et Palliotte made 
measurements of the press ires upon the rowlocks and the 
stretcher of a sculling boat accompanied by records of the boat s 
speed and of the movements of the shding seat The pressures 
were obtained I y the use of air cushions with diaphragms 
having a small movement and connected by hnes of flexible 
tubing to pens recorlmg upon a revolving drum The speed 
of boat was takin from a small immersed vane of special shape 
which recorded j ressures assumed proportional to the square of 
the speed The n ovements of seat were taken by means of an 
attached piece of elastic cord of which the diminished stretch 
near the teed end was recorded on the revolving drum Thus a 
straight Ime represents a stationary seat at each end of stroke 
The results of these mvestigattons were publiMied m BnUetm 
de 1 Association Techmque Mantime 1904 under the titie 
Etude giaphique du coup daviron en canoe One of tiie 
figures IS given here 
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In the ease illustrated hy Hg. 18, the aculler piirpoeely 
rowed with an inoorreot style in order to emphasise some of the 
phenomena which accompany the oarsman’s movements. Thus 
for example the curious sudden rise in speed at (a) just before 
stroke is obviously due to his having sat still during some second 
or so and then suddenly swung forward to commence the next 
stroke. Thus the nse m speed which as AGD in Fig. 9 is m the 
form of a long sweeping Curve, is here seen in the form of a short 
sharp curve. It is interesting to note also that in order to check 
himself at the finish of this movement he exerts a noticeable 
pressure on the stretcher just before beginning the severe pres- 





AiLfjJLA. 

AJLiULiL 



Acr_SttU£&- 


SmumtMolIkMttit 




Sr»mnt» 


/Km# / 


sure involyed in stroke. The pressure on the two rowlcoks 
during stroke reached a maximum of 132 lbs. With an assumed 
oar leverage of 2*3 this would mean 40 lbs. on oar blades and 
92 lbs. on hands normal to axis of oar. 

Apparently at start of stroke the pressure on the stretcher 
reached 220 lbs. Probably most of this was needed for the 
acceleration of himself and of the two oars. 

^e scale for speed of boat is not given but the time of oar in 
water is about five-tenths of a second. The strokes were 26 
per minute. Allowing for the shorter oar and shorter arc swept 
tiurongh, this time of stroke corresponds well with the sevenr* 
tenths of a second in the imaginary case. 



The sadden drop in speed of boat at start of stroke is very 
olearlf marked, but the time scale is so small that the aotaal 
shapes of the pressure curves are difficult to determine. This 
difficulty is uicteased by the fact that the rowlock pteasaies 
were drawn by pens moving radially instead of m straight lines. 
It is this which causes the curious set forward towards the rig^t 
at the upper end of these curves. 

The investigations included tests of various styles of rowing 
and the diagrams accompanying the article showed many points 
of interest which cannot be referred to here for want of time. 
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We omisidei next the records obtained by Mr. E. Outhbeit 
Atkinson, and published in Natural Science, March, 1896, and 
August, 1898. He designed and fitted an “indicator” on the 
rowlock, such that a recording pen drew a curve of pressures as 
they varied throughout the stroke with the angular movement 
oi loom of the oar. The instrument of 1898 was an improve- 
ment upon the earlier one and gave continuous records of sue- 
oessive strokes so that the effect of fatigue could be measured. 

Fig. 19 shows three selected specimens of the many records 
^ obtained. As already explained, pressures upon the rowlock 
can be converted to those at the hands if the leverage ratio of 
die oar is known, and if due allowance is made for the inertia of 
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tiie oar at commenoement and finidi of stroke. The preasoies 
shown are modified from thoae obtained at the rowlock bjr using 
the leverage ratio but no allowance appears to have been made 
for the effects of oar accelerations. As explained in connection 
witii Fig. 16 the angular positions in relation to actual com- 
mencement of stroke would need modification if the diagrams 
were intended to represent propulsive pressures alone. 

In Fig. 19 curve A represents the diagram of one of the most 
powerful strokes Atkinson recorded. The angular amplitude is 
very great, and the maximum pressure of 129 lbs. is well main- 
tained throughout its possible range. The work done u 671 
foot pounds. 

Curve B represents an abnormal stroke of exceedingly high 
maxunum force (166 lbs ) but of short ampbtude. The work 
done 18 498 foot pounds, and it should be remembered that the 
tune durmg which the short stroke is in action is lessened in 
comparison with that of the long stroke, so that this stroke in 
spite of its high maximum force would be much less effective 
than A. 

Curve C represents a stroke taken upon a fixed seat, and 
its falling pressures toward the finish are characteristic of all 
fixed seat diagrams. The work done is 370 foot pounds. 

The strokes A, B and C were made when rowing at the rate 
of 22 per mmute. 

The curve marked “estimated” is deduced from rowlock 
preanires m tiie same manner as those of A, B and C and the close 
agreement in shape between this curve and that marked A shows 
that the calculations made in this paper are reasonably in 
accordance with observed facts. 

As regards the question of fatigue, Atkinson’s 1898 paper 
gave dia^ams to show the falling oil in woric done after rowing 
had been in progress for some minutes. It was estimated in a 
certain case that the fall in 100 strokes was about 13 per cent, 
and in 150 strokes 18 per cent. Fig. 20 shows an early stroke 
in pressnre diagram D, and B shows the diagram produced 
130 strokes later. As the rate of stroke was about 22 per minute,' 
the fatigue effect is that due to about six minutes rowing. 

In order to ascertain the movements of the oar blade in the 
water and the position of a postible stationary point between 
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rowlock and blade tip, Atkinson took a “Cinema” record with 
120 expoflurea at the rate of 14 per second The camera was 
fixed about 23 feet above the nver Cam and used when there 
was practically no stream to vitiate the results Points were 
marked on the oar at button, at tip, and at 3 feet in from tip 
From this camera record the diagram of Fig 17 was made 
The lower curve is the locus of tip of blade , the looped curve 
for the point 3 feet in from tip 

Comparing this diagram with that shown m Fig 16 the 
similarity appears to be so marked as to lead to the conclusion 
that the “^p” used m the calculations of the imag naiy case 

-£hL2J- 




is reasonably correct and that the pressure formula Ps=l 2A(V()* 
may be used without involving serious error 

I do not know how much value has hitherto been attached to 
these investigations of Atkinson, but they seem to me to throw 
more light on the scientific side of the problem of rowmg than 
any other work 1 have come across It is however to be re- 
gretted that the pressure diagrams were not aocompamed by 
records of the rowers* movements and the speed of the boat 
The French records would have been greatly increased m value 
if the diagrams had been more open and increased m scale, and 
if the scales had been given with them 

Many pomts of mterest can be dealt with by these gtaiduo 
methods , but it would extend this paper to too great a length 
to refer to them here One point onty is illustrated 1^ 

21 and 22. 
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Fig. 21 shows the speeds of two boats A and B in relation to 
the speed existing at end of stroke. LiLs represents the time of 
a complete cycle. Fig. 22 is the integral of the differences of 
speeds of A and B with respect to time, and shows the gain of 
distance made by A. 

These figures il’ustrate the case of two boats racing together 
each being similar to that of the imaginary example. They are 
assumed to have bows level at a distance 13 feet from the finish- 
ing line. The crew of boat A have just finished a stroke, but the 
crew of boat B are about to commence a stroke. Boat A wins 
the race by 2*65 feet in seven-tenths of a second while boat B 
is performing the stroke, and advances only 10-35 feet. 

Suppoeing the crew of boat B had sat still and not attempted 
to row, they would have lost by 2-1 feet instead of 2-65 feet. 

Alternatively supposing the crew of boat A had quickened 
their movement so as to complete the “feather” in seven-tenths 
of a second instead of in 1-09 seconds, and crew B had rowed 
the stroke, then A would win by 3-0 feet. 

Prominence has here been given to a study of “ stroke " only ; 
but during “ feather ” it is of importance to reduce the work done 
to a minimum, and with this object, the movement of bodies 
and oars should have constant velocity over as large a range of 
the available time as possible, and the accelerations be made 
short and sharp at each end, as for example by extending the 
arms at once at the conclusion of stroke. 
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BLADE LEAKAGE IN REACTION STEAM TURBINES. 

(A RbPLY to PBOraSBOR Callsndab ) 

By Db. Johw Mobbow. 

[Read Dooember 12th, 1221]. 

An important factor in detennining tiie efficiency of a reaction 
steam turbine is the working clearance which must necessarily 
be allowed between the tips of the blades and the surface of the 
rotor or cylinder. Since the ordinary test results give the 
overall efficiency of the turbine, an underestimation of the loss 
due to leakage through the blade clearances usually leads to 
exaggerated estimates of the losses due to other causes. The 
radial clearances vary with the mean diameter of the blade ring, 
and sometimes also with the length of the blade. Hence these 
clearances are larger at the lower pressure than at the hi^^r 
jvessure portions of the turbine ; but, on account of the shortness 
of the blades at the high pressure end, the proportion which the 
clearances when the turbine is hot bears to the blade height is 
greater there than at any other part. To reduce the clearance 
losses, Messrs. G. A. Parsons Sc Co. have during recent years 
fitted the high pressure portions of their turbines with “end- 
tightened” blading, and the clearance is then measured in an axial 
direction between one row and the next as shown in Fig. 1 (6), 
instead of radially as m Fig, l(o). The magnitude of the axial 
cl e arances can be varied by means of the adjusting block althou^, 
if the turbine be also fitted with axial cleatanoe dummies, the 
tninimiiTin blade clearance, will usually be limited to that whkffi 
the dummies allow. 

If the blading is so arranged that, when the turbine is cold 
and the rotor pulled forward, the axial blade dearanoee are 
aero throughout, then, on heating, and owing to the greater 
kmgitadinal expansion of the rotor as compared with the (blin- 
der, the clearances will be smallest at the admisrion end, thrt is, 
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at end neaECC the adjiuting block, aaod viU gredualfy ineteaw 
towards the lower preasure portions of tiie turbine. A pdnt 
will be reached at which the axial cleatancea with end tif^tened 
blading will equal and ultimately exceed the radial deaianoes 
which would be allowed with blading of the older type. Thia 
is, of course, the point at which it is desuable that the end 
tij^tened Uades diould be disoontinued. 





In a further development of this method of construction, 
the olearanoes in turbines for use on land are arranged to be as 
small as possible when the turbine is hot and, before stopping, 
the adjusting block is moved so as to increase the deaiances 
before the turbine cools. Under these oiroumstanoes the end 
tightened blading extends throo^out neady the entire turbine. , 
When examining, in 1910, tiie (XModitions under whidi ie> ' 
aothm Wading operated, the author found that tiie theories of 
tip leedtiige were nnaatasfaetory and he formulated * new theory 

u 
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BLADE LEAKAGE IK BEAGTION STEAM TURBINES. 

(A Reply to PRorasaoR Oallensab.) 

By Db. Jobm Mouow. 

[BmA Beeambor l2Mi. IQSI]. 

An important factor in determining the effidency of a reaction 
steam turbine is the working clearance which must neoeaaarily 
be allowed between the tips of the blades and the surface of the 
rotor or cylinder. Since the ordinary test results give the 
overall efficiency of the turbine, an underestimation of the loss 
due to leakage through the blade clearances usually leads to 
exaggerated estimates of the losses due to other causes. The 
radial clearances vary with the mean diameter of the blade ring, 
and soiRetimes also with the length of the blade. Hence these 
clearances are larger at the lower pressure than at the hi^er 
pressure portions of the turbine ; but, on account of the shortness 
of the blades at the high pressure end, the proportion which the 
clearances when the turbine is hot bears to the blade height is 
greater there than at any other part. To reduce the clearance 
losses, Messrs. G. A. Parsons & Co. have during recent years 
fitted the high pressure portions of their turbines with **end> 
tightened ’* blading, and the deatanoe is then measured in an axial 
direction between one row and the next as shown in Fig. 1 (6), 
instead of radially as in Ilg. 1(a). The magnitude of the axial 
dearanoes can be varied by means of the adjusting block althou^, 
if the turlme be also fitted with axial clearance dummies, the 
minimum blade dearance, will usually be limited to that which 
the dummies allow. 

If the blading is so arranged that, when the turbine is cold 
and the rotor pulled forward, the axial blade clearances are 
ssio throughout, then, on heating, and owing to the greater 
lengitadinal expansbn of the rotor as compared with tiie ojlni^ 
^r, the dearanoes will be anallest at the admumon end, thM is, 



181 


/ 

At 4ihe end neater the adjustang UcKsk, and wiU giaduaDy iiifflveaw 
towards the lower pressoie portions of the turbine. A point 
will be reached at which the axial deaianoes with end tightened 
blading will equal and ultunatel 7 exceed the radial dearanoes 
which would be allowed with blading of the older type. This 
is, of course, the point at whidi it is desirable that the end 
tightened blades diould be discontinued. 
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In a further development of this method of construction, 
the dearanoes in turbines for use on land are arranged to be as 
small as poesible when the turbine is hot utd, before stopping, 
the adjusting block is moved so as to increase the deaianees 
before the turbine cools. Undw these circumstanoes the end 
ti ^t ened blading extends throuj^out nearly the entire turbine. 

When examining, in 1910, the ccmditions under which re- 
action Wading operated, the autiior found that the theories of 
tip leakage were nnsatisfaetory and he formulated a new Iheoiy 

IS 





182 


to give a better lepresemtatioii of the faots. Hie desiiable 
features of such a theoiy, if to be of use in praotioe, are s'ln- 
plioitj in applioataon, a sufficiently oloee representation of the 
facts and, as far as possible, a rational baw. A brief account 
of this was published in 1911 (“Steam Torlnne Design,” pp. 
76-77) and, since it has recently been criticized by Professor 
Callendar, it is here slightly elaborated, apjdied to end tightened 
blading, and verified by comparison with experiment. 

Since the clearances are synall compared with the blade 
length, the pressure of the steam in the space between any two 
rings of blades may be taken to be uniform. Fig. la shows a 
stage, comprising one fixed cmd one moving row, in which the 
clearances are greatly exaggerated. The steam pressures are 
denoted by p,, p, and p,. The increase in volume of the steam 
whilst passing through a single stage is so small that it can be 
neglected for the present purpose. 

Let A<sblade height in feet, 
e=olearanoe in feet, 

A-i-o=>width of annulus occupied by blading, 
y.asaxial component of the velooily of the steam whilst 
entering the blade passages of either the fixed or 
moving row. 

The velocity of the steam when leaving the stationary blades 
may be denoted by V and we have the relation 

where h is the ratio of the sectional area at inlet to that at out- 
let, both areas being taken at ri^t-angles to the flow. Usually 
h may be taken as the ratio of the widths of the channel, that 
is a/6 in Ilg. 1 : it is sometimes referred to as the area ratio or 
the gauging factor, and is frequently taken as equal to 1 

raTa 

where a is the blade angle shown on the diagram. Knoe the 
heat drop is the same for the dearanoe steam as for the steam 
pT— i"g between the blades, the magnitude of tiie vekwHy 
generated will be the same, namely Vfm. But in the dearaaees 
the steam tends to flow jmtdy in an axial dhteotion witii this 
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vdocity, whilrt in thie stationary Vades the vdooity iV. is 
in the direction indicated by the angle a, and the axial com- 
ponent is simidy Y.. Assaiiung that the path of the clearance 
steam is, to dl intents and pnrpoaes, axial in direction, it is 
obvious that the flow of steam ttu»ugh the clearance is k times 
as much as wodd flow through on equal length of blade passage. 

Thus, considering a sector of blade nng of unit length oir- 
cumfdentially, the steam flowing through the blades of one 
fixed or one moving row is AV. cubic feet per second, whilst the 
steam which escapes the row by flowing throu^ the clearance 
space is hcV, cubic feet per second. 

Two distinct problems arise : The first is the determination 
of how much steam flows through an expansion with given 
dearances ; and the second oonoems the efiSoiency &otor and 
may be described as the evaluation of the fraction which repre- 
sents the proportion of the energy of the total steam which is 
effective in doing useful work on the moving blades. 

Efftei of dearanoea on Steam Conaumptum. — IVith regard to 
the former, it is convenient to compare the actual total steam, 
W (lbs. per hour, say) with that which would flow through the 
turbine if the blades remamed of the same height but the clear- 
Boces were supposed to be reduced to aero. This latter quanti^ 
may be denoted by Wg. 

The ratio of the clearance steam to the blade steam in the 
actual turbine is ke/h ; but owing to the interference with the 
flow due to the magnitude and direction of the velocity with 
which the steam issues from the clearances, the average axial 
component V. in the blades is di^tly less in the actual turbine 
than it would be if there were no clearances. Assuming tiiat 
this disturbance is proportional to the relative quantity of 
clearance steam, we have 

W *= W (1 +/^/k) 

where / is less than unity, lliere is sufiScient experimental 
evidence, both freon special tests and from the ordinary trial 
results of turlnnes with either radial or axial blade oleatanoeo, 
to show that/ is approximately constant and equal to 
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The total steam may therefore be expressed by the equation! 

W = W«(l+f/2) . . . (1) 

where r stands for tr/A. 

Effect of Radial Clearaneee on Effin^mcy . — ^To obtain a solution 
of the second problem let us first consider the steam which passes 
through the clearance space of the fixed row. f it app oacb 
the succeeding row with a velocity V, in the axial direction, its 
velocity relatively to the moving blades will be in a direction 
such as that indicated by the arrow in Fig. 1 (a). Its Idiietio 
energy will be dissipated in shock and eddies and, as its directiop 
is nearly at right-angles to the reverse edge of the blade, it will 
interfere with the action of some of the neighbouring steam. 
Therefore, having a direction of flow which is unsuitable for dmng 
work on the rotor blades, this clearance steam is just as likely 
to have a brake action as to do useful work. The most reason- 
able assumption to make, consistent with the simplicity required, 
is that in the stage in question this steam perform! no useful 
work. Experimental results, described below, justify this 
assumption. 

Hence, of the quantity AY. which passes through ths blade 
passages of the moving row, AcY. does no useful work. That is, 
steam which performs useful work=(A— Ac)Y, cubic feet per 
second, and this is the only steam which passes between the 
blades of both the stationary and moving rows. It may be 
referred to as the effective steam. 

Since the Total Flow=s(A4-ie)Y, cubic feet per second, tiie 
Efficiency, or the fraction which the effective portion is of the 
whole, is 


A-*o l-helh 
rfJfcc"I+fc/A • 


. ( 2 ) 


In other wosdsi for each pound of steam flowing throujpi the 
turbine, (A— Ae)/(A+Ao) of a pound does useful work in the 
stage in question; and the remainder, 2ibe/(A-|-Ac), is non* 
effective. The kinetic energy of the non-effective steam, as 
already mentioned, is dissipated and, increasing the entzopy 
d the steam, it increases also the reheat huitor. 
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It maj be noted that the expression for the efiBdenoy is inde* 
pendent of the magnitude of the heat-drop and of the value of 
the axial component V. of the velocity of the blade steam. An 
increase in the clearance usually causes, on account of the 
additional disturbance \^hich it creates, a slight reduction in 
the average value of V. ; tiiis however has no influence on the 
expression for the efficiency as determined by the theory. 

The term Jfcc/A, which appears in both numerator and 
denominator of the expression, is the ratio of the clearance area, 
c, to the blade outlet area h/k, for unit length of circumference 
of blade ring. This ratio has already been denoted by r, henoe 
Equation (2) becomes 

Efficiency » (8) 

Thus, for example, if r= *05, the dearanoe area is -OS, or 6 pe* 
cent., of the blade outlet area, and the efficiency or ratio of efleo- 
tive to total steam is -95/1 'OX that is *905 or 90*5 per rent. If, 
at the same time, the conditions are such that the blade efficiency, 
assuming no clearance, is 81 per ent., then the efficiency with 
f=*06 will be 

•906x*81>=*733 or 73*3 per cent. 

The blade efficiency with no clearance depends on several 
factors, but chiefly on the ratio of the blade speed to the steam 
speed. When experimenting on the effect of clearance on 
efficiency it is therefore important that this speed ratio should 
be kept constant. 

In dealing with this subject, Caflendar, in his important 
treatise, “Properties of Steam,” (p. 386) states, “Most authorities 
are agreed in taking the ratio of the working steam to the whole 
steam as 1—l/x to l-)-2l/x, when the annular area factor is 3, 
for each blade ring whether fixed or moving. But tinoe the leak> 
ing steam cannot contribute anything in either case to the 
impulse or to the reaction, it might appear at first sight as thou|^ 
the loss of efficiency should be doubled.” Callendar here appears 
to admit that the leaking steam is ineffective, but he proceeds 
as follows : “Morrow (ioo. cit., p. 76) takes this view on sli^tly 
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difEerent grounds, and gives the effective proportion o' the work- 
ing steam as being (1— 3{/a;)/(l-f-32/x), which makes the loss of 
efiScienoy twice as great as the expression (1— {/x)/(l-|-2I/«; in 
the limit when l/x is small, and which leads to improbable results 
when l/x is large.” It will be gathered that Callendar here 
uses X for the blade height and I for the clearance. The fact 
that the one theory makes the loss twice as great as the other 
when the clearances are relatively small is, of course, the point 
at issue. It was the inabihty of the older theory to account 
adequately for the loM that rendered further investigation and 
replacement necessary. The statement that the newer theory 
” leads to improbable results when l/x is large” is not in 
accordance with available experimental data when l/x is hmited 
to such values as occur in practice. Callendar however evidently 
uses this phrase in reference to values which are many tunes larger 
than .any which occur in steam turbmes, for he oontinnes : 
'*To take an extreme case, when {>sa;/2 .... Morrow’s fraction 
would make the efficiency negative, whereas it u evident that 
there would still be some balance of useful work.” 

With regard to this criticism, which is apparently the decid- 
ing factor in Callendar’s consideration of the subject, it is only 
necessary to say that the theory was not formulated to deal 
with such oases. Callendar accepts as a bams for deduction or 
calculation (though not necessarily as representing actual 
conditions) that the quantity of steam passing between the 
blades can be taken as hW, and that passing through the bleaianoes 
as keV,. On this assumption more steam, in the qieoial case 
which he considers, leaks throu^ the oleaianoes than passes 
between the blades. Some of the iSzed blade clearance steam 
would then paas throuj^ the moving blade deaianoes also, and 
this leads to the negative sign in the formula. 

Further, the statement that there would still be some balance 
et useful work might be true if the turbine were tunning at some 
lower speed conducive to such work being performed ; but in 
reality the speed is determined by the aoti<m of all the stages 
ahd expansions of the turbine, and it must be assumed to be 
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mnning at its designed speed and trith its designed xatio of 
blade speed to steam speed ; under Uiese dioumstanoes it is 
probable that the particular stage or expansion with the enor* 
moos oleaiance would sot as a brake and justify a negative 
result from the formula. 

Esepermental RetuUa . — ^The effect of dearance on eflfideni^ 
has been the subject of a very large number of eiqseriments 



made by the staff of Messrs. 0. A. Parsons fbOo. These ezpeii* 
oents ware oarefnlly carried out and form an exhaustive investi* 
gatkm of the snbjeot It was found that, for such dearaaees 
as oooni in practice, the results may be stated in a simple 
approxhnate rule as follows : If the dearance area be es^neaaed 
as p per cant, of the outlet area of the Made channels, then 
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the loss in effioiency dne to blade leakage ie ^ per cent, of the 
blade efficiency when there is no deaianoe. 

When clearances are excessiTe the loss appears to be less than 
given by the above rule, bat for all ordinary dearanoes the 
rule is in practically complete agreement with equation (2). 

By the courtesy of Messrs. C. A. Farsims A Co. 1 am able to 
give the following details of a series of tests. They were made 
on an experunental turbine consisting of a single expamnim 
having seven rows each of fixed and moving blades. Measure- 
ments were made of the steam consumption, horse-power, tem- 
peratures, pressures, etc., and to ensure accuracy the steam 
was superheated sufficiently to remain dry throughout the range 
of expansion. The blades had radial tip clearances and were 
of the standard ^ inch type of normal blading, with an area 
ratio of k— 2*86. The clearances were measured with the 
turbine hot, and these were varied for the different trials, the 
fixed and moving blade clearances being made as nearly as 
possible equal. The efficiency ratio, determined from the 
S.H.P. and steam consumption, is shown by the curve AB in 
Ilg. 2. for a velocity ratio of 0*60 The correction for “ re-heat’* 
is very small and may be neglected, and the efficiency for xeto 
clearance is seen to be about 0*81. The curve DE is obtained 
by dividing the ordinates of AB by 0*81, and from this the loss 
due to blade leakage may be obtained. The ordinates of DB 
are thus the efficiency factors or the ratios of the effective to 
the total steam. 

The Parsons’ empirical rule, applied to this case, is that at 
KUr point on the curve DE, the percentage loss, I, is twice the 
pIMsentage clearance area p. The results are compared with 
^ various rules in the following table, ^e last column, headed 
"axial clearances ” has been added to the table and is explained 
later. 

The agreement of equations (2) and (3) with the experimental 
results is quite good. In order that the figures may be striotty 
comparable the actual value, 2*86, has been used for the area 
fMtor in the formula given by Callendar ; it will be seen hose* 
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ever that this formula accoouts for about one-haif only of the 
observed loss. 


TikBU L—EmaiMKrr Fauiom wou Buiva LmsKAaa. 
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^6 
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•91 
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80 

•94 
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•08 

•84 
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•86 

•86 

•10 

•80 

•82 
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84 
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End-tightened Bhding . — The consideration given above to 
radial clearances is applicable also to the axial clearances of 
end'tightened blading, the only modification being that the 
flow through the clearance spaces is radial instead of axial. 
The qrmbol c now stands for the axial clearance and r-~kolh as 
before. Elquations (1), (2) and (3) may still be used, and we 
see tiiat tbe advantage gained by the use of end>tightened blading 
is not due to any inherent improvement in the eiflrienoy for a 
given clearance, but rather to the fact that the clearances them* 
selves may be reduced below what is found necessary to ensure 
safe running with the older type of blade. 

It is said that the efiScienoy, as defined above, may bo im* 
proved by any amount up to 10 per cent, by the use of end* 
tightened instead of radial clearance blading ; the actual improve- 
ment depends, of course, on the amount by which the clearances 
oanber^nced. It seems not unreasonable to expect an improve- 
ment of 5 per cent, in an average case. The following tests on 
the efiect of axial clearance on efficienoy ratio were made 
with md-ti ght ened reaction blading on the experimental turbine 
at Messrs. Parsons' works : 
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The turbine comprised 7 pairs of rows of } inoh end-ti|^tened 
normal blades having a discharge height of { inoh, on a mean 
diameter of GJ inches. The ratio of mean gauge to mean pteh 
was 0-37, giving k=2‘l, and the figures in the foUowing table 
refer to a speed of 3,000 revolutions per minute. 

The steam consumption and efBoienoy ratio are plotted in 
Fig. 3, and it will be seen that the consumption for no olearanoe 



is Wo=876 lbs. per hour, the corresponding efiSoienoy ratio 
being 0«788. 

Tabu II.— Tbstb wits Rm-noETsBaD BLAoma. 


AMtClMtnOM 

iDObM. 

BtMm OotiaitBipUfm~lfat./hr. 

ObMTT^d 

Mar Buio 

OfaMrrwl. 

(Mwlfttodlqn (1) 

-0086 

880 

880 

•766 

•0168 

804 

806 

76 

*0246 

020 

008 

71 

-0470 

040 

040 

<66 


The agreement of the observed steam consumption with that 
calculated by Equation (1) is very close, the observed value in 
the third line of the table being obviously on the high side. 
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The efficiency factors have been calculated from the smoothed 
curves and are given m the last column of Table I., they agree 
cloeely with those obtained from Equations (2) or (3). 

The lowest line in Table II. is for an axial clearance con- 
siderably beyond the practical limits and the observed efficiency 
is higher than would be given by the ealculation. 

The formula adopted by Callendar was originated in the early 
days of the steam turbine by Mr. H. M. Martin, and it may well 
have been that, with the larger elearanoes then in vogue, it 
represented the facts sufficiently closely. For present day pur- 
poses it appears however to be defective, and it assumes 
apparently that steam which escapes the fixed guide blades is 
able to perform its full amount of work on the rotor. If this 
were true, there would appear to bo little reason for fitting 
stationary blades in turbines of Parsons’ type 
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TO^^ARDS A NEW THEORY OF LAUGHTER. 

Bj J. y T Qrbio 1I.A 
[BMd Ktfbnury 16tii 1029] 

It seems to me that the problem of adult human laughter is 
insoluble, unless it is approached through the simpler laughter 
of children Almost always — ^Darwm and Sully are the reaDy 
notable exceptions in this country — thoee who have written 
on laughter have begun at the top and worked only a little way 
down If they have not all begun and ended with the comedies 
of Mohdre as, for instance Bergson has done, th^ have at the 
least struck off grand generalisations on laughter, usuallv m 
terms of iniellect, which the merest tyro m psychology can see 
have no vahdity for the swift imreflective sometimes almost 
reflex, laughter of a child ^ There is no pretending that it is 
easy to relate the simple laughter of an mfant to the complex 
laughter of an adult but for my own part I would rather frame 
a hypothesis that will work for the laughter of children, even if 
lit seems not to cover the field with adults, than frame or accept 
a hypothesis that works for adults and leaves the laughter of 
children inexplicable 

The root idea m modem pejrcholc^ is force It masquerades 
under a variety of disguises, calling itself impulse (the English 
school), the wish (the Freudians), T^lan vital (Bergson), or the 
hbido (the Zurich school) The name is of no consequence for 
present purposes, and the best way to avoid controvery is to 
speak clumsily, but guardedly, of psycho-physical energy A 
hyphen turns away wratii 

But the idea of force or energy imphes the idea of oppositian 

*cy SohopMihanor In ererything that excites laughter it most 
always M possible to show a oonooption and a particular that si a thing 
or event which certainly can be subsumed under that ooncepiion and 
therefore thought through it, yet In another and more predominating aspect 
does not belong to it at all bvt is strikingly different from eveiything else 
that u thought through that conception TAs IforU os W%U and /dea, 
Kag Xtans ,lith edit , toI u , p 971 
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The push oatwarda of psyeho-pliTsiofll energy, along the broad 
highways of the instincts, is met by the push inwards of all 
sorts of other forces And the push outward m one direction is 
opposed or counteracted by the push outwards in other direc- 
tions Strains, and stresses, and conflicts of varying degrees 
of intensity are started, and feeling is the result Behaviour 
is felt as pleasant which is m a fair way to succeed, as unpleasant 
which IS being prevented from succeeding Pleasure and dis- 
pleasure are both ultimate , neither is conceivable without 
some degree of the other And as soon as the feeling of dis- 
pleasure, which IB the feehng of opposition, has ceased to be 
merely mimmal, the complete feelmg m behaviour, combining 
both pleasure and displeasure, has become sufficiently noticeable 
to be called emotional 

Coming down from these abstractions, I turn to the immediate 
topic We are fortunate m having a laige body of recorded 
instances of infantile laughter, m the wntmgn of competent 
observers In this connection I need name only four — ^Darwin,* 
Preyer,t Sully, J and Miss Millicent Shum § I have not attempted 
to supplement their examples m any way, but accept them exactly 
as they are given In practically all recorded mstanoes of the 
earhest laughter of infanta there is a common element m the 
situation which is said to call out the smile or the laugh This 
common element is the presence of some second person, almost 
always of family circle of course, who attracts the infant’s 
attention to him- or herself This second person smiles, babbles, 
Bings, nods the head, covers and uncovers the head, or performs 
some other similar antics, or, more significantly still, touches 
fhe child on the bps, or cheeks, or ohm 

This may not seem very much to go upon, but I suggest 
that it mdioatea that the smile and the laugh, m their beginnings 
at least, are somehow associated with the inatmct of love 
I choose the term “love” with some misgiving, and only 
because no suitable alternative suggests itself It must be 
understood m a very wide sense, as Marshall, for example, under- 

* TkA SapnMtton qf lAs Smotwnt, wd A B%ographml 8k$kk of an Infamt* 
t Tko Mtnd of iho ClUld 

i 8htd%M of CAtUAood, w&d An on Lau^Ut 
f on ik$ DopokfumU of o 
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I stood it,* or as the Freudians seem to understand the tenn 
“sex” Above all it must unite again tiie two suppoaedfy 
separate mstmcts, sex, and that associated with the tender 
emotion, which MoDougall with a certain mediaevalism of 
thought has artificially divorced 

Touch elicits and touch expresses love, m animals, m children, 
and m grown men and women As to animals, one need go no 
farther than the work of Darwm one quotation must sufBoe 
Speaking of the desire of rats m an affectionate mood to rub 
against something, he says, “This manner of expressing affec- 
tion probably originated through association, as m the case of 
d(^, from the mother nursing and fondlmg her young , and 
perhaps from the young themselves loving each other and 
playing together Another and very different gesture, exprea- 
sive of pleasure, has already been described, namely, the ounous 
manner m which young and even old cats, when Reused, altep- 
nately protrude their forefeet, with separated toes, as if pushing 
agamst and sucking their mother’s teats This habit is so far 
analogous to that of rubbing against something that both 
apparently are derived from actions performed duimg the numng 
period ’ t For tlie child, as for the puppy or the kitten, the 
earhest stimulus of love is the close touch brought about by ^e 
nursing embrace, and the lastinot is ftrst oonalued by way of 
the lips and cheeks and tongue Infants first “notice” touch 
on those parte How sensitive the mouth and Ups remam ever 
after m love needs no words of emphasis the kiss is sufficient 
evidence And along with the kiss should be considered the 
love-bite At some stage m their development all children tend 
to fall into this tnck , and at tunes of strong sexual excitement 
tile most civilized of adults tend to “regress” to it From its 
begumings, started by the close touch of the nursing embrace, 
the instmct of love passes over mto the other senses The vision 
of the mother’s face, vague thou^ it be, and the sound of her 
voice, m soothing tones, become “substituted” stunuli And 
so the child comes to react with love to faces, if well lighted np, 
and to sounds that are not too harsh m tone The first steps m 

* “Love u the total ribnUion o( the eyetem vhnh, it OMtied ovt to lie 
tall oonelnnoii, would make w snae end go to the loved ooe, M did the piodigsl 
to his father " B B Marehsll, Paia, rUcumn owl AtilMie 0 , p 7t 

t like l(|prtwMa«^a« Bewliwu (Bop. edit ,1904), p 110. 
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■ubstitation having been taken, progteaa is lapid, and may 
continue almost indefinitely. I^tom the mother who tonohes 
and oaiesses the child, socldea him, sings to him, smUes to him, 
laughs to him, and is forever disappearing and reappearing, love 
passes easily to other persons who do the same things, to moinng, 
well'li^ted, bumping, sounding, ho-peejnng objects, living or 
dead, to anything associated with such objects, and so to the 
images or ideas of them. 

Now it seems to be quite certain that the smile begins in 
the infant in a quasi-mechanical fashion, as the prolongation of 
the behaviour of sucking. We therefore find one writer, at 
least, suggesting that the smile betokens an attitude of the whole 
organism in which the inception of food is the most striking 
charaoteristio.* I suggest tiiat we ought to pass on from tiie 
primary result of the nursing embrace, the inception of food, to 
its secondary result, the stimulation of the love instinct. The 
feeding inst^ct in the infant is strong and impatient. It is, so 
to speak, heavily charged behaviour,* and all its responses ate 
sharpened to a point, non-conlxibutoiy movements being out of 
place. But the smile is just such a non-contributory movement. 
It gets nowhere, and, in relation to the feeding instinct, is a mere 
fnlL And so it would appear that tiie smile is dropped out of 
the very business-like behaviour of feeding, bemg gathered up and 
preserved within the much less bunness-Uke behaviour of love. 
For in its beginnings at least, in the infant, the instinct of love 
is but lightly charged with energy, and its behaviour is loosed 
co-ordinated, diffuse, easily divert. In such behaviour the 
smile hardly gets in the toa^ because there is no particular road 
to get in. 

It is to be noted that the smile always remains within the 
behaviour of love, in later life, and only drops out at such times 
of strong excitement as allow no “frills” at alL 

It is more difiScult to see how the laugh comes to be added to 
the smile in the behavionz of the in&nt. (I asstime that the smile 
does develop into the laugh, and that they are not to be regarded 

* Arthur Allin, in s review of Sally's XMoyoaloivAM-, In Pifei. JM$m, 
vol. X.. IMS. 

* It soon oesses to be of this ehereeter in oivllisstion, beoense we tioaoe 
wait for ehildren or adults to bo realty hnn^ bdore giving then the nest 
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as essentially different phenomena ) But 1 thinlr a modification 
of the theory hist put forward by Herbert Spenoerf will best serve 
our purpose here We may suppose an mdeteiminate amount of 
psycho-ph}wcal energy to be working itself out m love-behavioor, 
and the smile to be (dready established, m the way 1 have sag- 
gested, withm the ill co-ordinated responses of this instmot 
Let the behaviour be opposed, or mterrupted, it does not matter 
much how Two courses are now open to the infant He may 
divert his attention altogether from the end he was stnving 
(not necessarily consciously, of course) to achieve, or he may 
persist, as agamst the opposition or obstruction, exerting hims^ 
more The respiratory equivalent of such exertion or biaomg 
up IS the takmg of a deeper breath If the block m behaviour 
contmues, and he cannot overcome it try as he will, his gathering 
energy will vent itself m gestures which we say “express” dis- 
pleasure He will cry and squirm perhaps But if, for any reason 
at all, personal or impersonal, the block or obstructoon gives way 
almost at once, the surplus energy which is no longer required 
to push against it but which has been “mobihxed” for that pur- 
pose, may escape m non-contnbutory gestures similar to the 
cry and the squirming The smile will carry off some of it, and 
if this chatmel is not sufiicient, another must be found But it 
will be remembered that a marked feature of the previous 
bracing-up was a deeper inspiration has now to be expired 
in any case, and the expiration has only to be made a little more 
explosive and noisy than usual to cany off much of the surplus 
energy When this has occurred, laughter has been bom 

Analysis of the behaviour of ohildren results m this then, 
that whenever the laugh is one of the leaetions, tiiree elements 
or moments can be found m the behaviour Funt, the function' 
mg, more or less, of the love-instinct second, some mtermption 
or check to behaviour and thud, the ovetooming of ^ 
mterruptaon 

Whatever there may be new m this theory relates to the 

* I oaonot atajr to argtw thu point, bnt it mobi* to mo i n ao n tootablo 
Bsaotly the same thing vhioh muM A amito mokM B laugh what makoe 
A ■mile to day makoa him laagh to morrow 

t TIkt Plk^loffv 0/ hant/ghUr, in voL u Strange as it may seom, 

head*! theory of the oomio (though not of wit) la closely saalogoas to 
Speaeer’s, 
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first o‘ the three elements or momenta. Practically all previous 
theories of laughter of any value call attention, in one way or 
another, to the second and third elements or moments. In- 
congniity, for instance, may be regarded as a logical check or 
interruption ; in so far as it occasions laughter in the person 
who perceives it, it is a logical check that has been overcome. 

It must be admitted that the functioning of the love instinot, 
even in the tiny child, may be relatively so unimportant in the 
whole behaviour which contains the laugh, that for all practical 
purposes it can be neglected. The behaviour even of a small 
child is not all of a piece ; it is a pattern made up of several 
different strands. 'Die love strand may be subsidiary, but it 
seems to hold the secret of the laugh. 

I have tested out this hypothesis over a wide range of ex- 
amples of the earliest laughter of children, and it seems to hold. 
But I confess that I have not yet covered the ground, even 
hurriedly, with adults , and 1 therefore hesitate to apply it 
universally. I surmise that fuller examination will show either 
that a sentiment or disposition of love (at its weakest mere 
fellow-feeling) can be found, on analysis, to have been stdmn- 
lated either immediately or mnemicaJly, m the older child, or 
the adult who laughs ; or, alternatively, that laughter, as an 
interruptory gesture, has slipped into the behaviour of otiier 
sentiments or dispositions genetically closely related to love. 
Stendhal perhaps went to the root of the matter when he said, 
“n faut que j’accorde un certain degr6 d’estime k la personne 
aux d6pens de laquelle on pr4tend me faire rire.”* However 
that may be, it is quite clear that we laugh a great deal more, 
and more heartily, at Falstaff, or Uncle Toby, or Parson Adams, 
or I’Abbh Ooignaixl, than at Alceste, or I’Avare, or Tartufe ; and 
I suspect the reason is^that Shakespeare, Sterne, Fielding, and 
Anatole France show up the comic, as it were, agmnst a back- 
ground of affection, whereas Moli^re is careful at every turn to 
eliminate the baokpound. Moli&te inhibits as far as he may his 
own and our fellow-feeling for his great comic characters, with 
the consequence that we laugh far less at them than at the rough 
hnd tumble heroes of his farces. On the 4th December, 1822, 
Stendhal kept a careful note of the number of times a Patistan 

. * Maeim *t 8hak$tpear», ob. 9. 
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audience lanj^ed during a perfotmanoe of Tariv^e. The remit 
was Burptuing ; they laughed only twice. The first occasion 
was when, in the second act, Oigon, speaking to his daughter 
Marianne of her marriage with Tartofe, discovers Dorine eaves- 
dropping : the second occasion was provided by a cynical re- 
flexion passed by Dorine on love. There i« no separating love 
and lau^ter. 
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PLATO’S DEVELOl^ENT OF THE SOCRATIC PARADOX 
“ THAT VICE IS INVOLUNTARY.” 

By Miu 0 H Ssmar 
[RmmI Hm. 7^, 1922.] 

It is very generally agieed that Socrates was the founder 
of moral philosophy: for it was Sooiates who first asked 
what was the meaning of those words which men used so 
glibly — justice, piety, teniperanre, courage — and disoorered 
the ignorance of those who thought themselves good judges 
of such matters. His thought was turned in this direction, 
according to the PJuiedo^ of Plato, by an early disillusion- 
ment. In his youth, Socrates’ imagination hod been fired 
by the investigations of the physicists into nature. He had 
eagerly hoped that the problems of philosophy u ere to be 
solved at last by means of that new datum made known by 
Anaxagoras — voU^ mmd. Anaxagoias held that mind was 
the mainspring of the univeise ; but on analysis it proved to 
be not so much a mainspring as a makeshift, it was a 
sort of ileui ew mathw/i, diagged in to account for physical 
processes where other explanations failed. So Socrates 
disappointed in the physicists, betook himself to speculations 
about the nature of morality, searching for the universal 
conception apart from the particulars, and inquiring into 
the motives and ideals of human conduct. 

Now Socrates’ theory of ethics disregards almost entirely 
what might be considered a very important element, 
namely, the will. This is perhaps due to his own peculiarly 
resolute character, or to the waruings which he received 
from the divine voice, or to the fact that he was breaking 
fresh ground in philosophy, and was hampered by the 
elementary state of psychology — oir to all these reasons. 
Bui whatever the explanation may be, he believed that 
sin was involuntary. In the Ptoiagoroi of Plato, Socrates 


>PUto, Pfcssds, 97o, 
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is represented as sayings “ I am pretty well assured of this, 
that no wise man believes that anyone sins voluntarily, 
or does base and dishonourable actions voluntarily, but 
they know well that all who do base and dishonourable 
actions do them involuntarily/^^ There are also two 
passages in Aristotle which may be quoted here. Aristotle* 
says Someone may perchance ask how, if a man has a 
right opinion, he hoimvea inteniperately. For it would be 
strange if, as Socrates thought, while knowledge was in a 
man, something else should overcome him and drag him 
round as if he were a slave. Socrates, indeed, wholly 
disagreed with the idea on the ground that intemperance 
did not exist. For no man, he said, understanding what 
was best, acted contrary to the best, but he did so through 
ignorance.” And again ** (Socratea) thought that all the 
virtues were branches of knowledge, with the result that 
to know justice was also to he juat.”* It may be gathered 
from these passages that Socrates ignored the will (what- 
ever we may mean by that) in making up his ethical 
formulap. If you htrw what waa just, you did it: if you 
did not do it, that was because you did not know what 
was just. Virtue was knowledge: vice was ignorance. 
It was a doctrine which revolutionised the conception ot 
conduct and of the nature and function of punishment. 
It made upon Plato, pcrliaim the most devoted and certainly 
the most brilliant of the disciples of Socrates, a profound 
and enduring impression, and in this paper 1 hope to show 
that Ibis novel theory still formed the basis of Plato*! 
conception of morality at the end of hia philosophic career, 
though Plato pondered it more deeply and in some of the 
later dialogues, especially the SophiH, Timaeus and Law$, 
gave it an added content and fresh implications by 
developing it in its place in his own scheme. 

In the T^ 1 naen^^^ Plato, after describing bodily diseases 
and explaining their causes, turns to the diseases of the 

‘ riato, ProiagoroM, SiSB, See .1m Xen Mam., iii. OS 

• ArittotU, Bth Nie., vii. 3, 1146*, 31. 

• Ariftotle. Eth. Eud., i. 6. iEW, 6. 
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soul, which he says are brought about mainly by physio- 
logical conditions. The disease to which soul is liable 
is folly or want of understanding, and this manifests 
itself in two forms, in madness and in dulness. Owing 
to certain conditions of the body men are rendered 
susceptible to feeling excessive pleasures and pains by 
which they are maddened. Now these bodily affections 
operate on the soul, making it intiactable and impervious 
to reason. But the real cause of this perversity is not 
generally reoognised. A man who suffers from the cor- 
poreal condition which Plato describes (he diagnoses it as 
an excess of marrow and an abnormally fluid state of that 
part of th^ body) is considered not io be sick but 
voluntarily wicked. But, says Plato, Almost all lack 
of self-control in pleasures is caused in this way, und the 
blame which is bestowed upon them as if men weie volun- 
tarily wicked is not rightly bestowed. For no one is 
voluntarily wicked— «cuc« yap Ikwf ovSck — I nil it is 
through some bod state of body and illiberal upbtiuging 
that the wicked man becomes uicke<l, and these aio in every 
case hateful to him and put upon him against his will.’^ 
Miveover all sorts of failings, peevishnoas und melancholia, 
overboldness and cowardice, forgetfulness and want of 
knowledge are caused by derangements of the bodily system 
in those regions where the soul is attacked, viz., in the 
liver, the heart and the brain. Other contributory causes 
are the influences of badly ordered policies and of false 
and bad arguments which habituate youth to the form of 
evil and upon which their souls feed and so bocomo vicious ; 
whereas, as Plato said in the Republic^ the soul should 
grow up in wholesome places where sweet breezes may 
blow upon it and accustom it to communion with the true, 
the beautiful and the good. For these blemishes in the 
environment of a man’s soul Plato lays the greater share 
of the blame upon teachers and parents, though, of course, 
in considering their errors, the same extenuating circum- 
stances may be urged as were urged in the case of their 
pupils and children. The remedies of these evils are good 
upbringing and education based on a curriculum eon- 



202 


^tainingf the right kind of pureuita and studies which Plato 
describes elsewhere. From this passage it may be 
gathered that the causes of man’s wrongdoing are twofold: 
(i) an unhealthy and abnormal bodily condition^ and (ii) 
bad teaching and influences. It is tempting, thooigh 
perhaps misleading, to use modern phraseology and to 
sum up these causes as heredity and environment. 

There is a passage in the which is equally 

distinct. As regards the deeds of those who coEmmit 
injustice, but whose deeds are curable, we must first 
realise that no unjust man is voluntarily unjust. For no 
man would voluntarily possess the greatest of evils, least 
of all in the most pre(uoua parts of himself : and the sonl, 
as we said, is in truth thought by all to be the moat 
precious. In that which is his most pirecious part, then, 
no man would voluntarily take, or live his life in possession 
of, the greatest evil.*’ Plato, in utteiing such Bentiments 
in his latest works, shu^^ed how well be had learned the 
teaching of his master Socrates, and how much of that 
teaching he had adopted at the end, as at the outset, of 
his philoflcqihic development. Ilib rare humanily with 
its sense of the dangers which beset man’s soul, and the 
many set-backs to which it is liable in the struggle for 
goodness, led him like SocrateH to look witli understanding 
and sympathy mion the hinner. Ilis belief in the intrinsic 
value of the beautiful, the true and the good and in the com- 
pelling attraction which, when seen, they exercise over the 
poul, brought him to the conclusion that on the whole man, if 
he could be made to know w^hat is truly good, would choose it 
in preference to evil, however enticing. Equipped with a 
complete knowledge of llie good and a healthy body, a man 
would exhibit unfailing goodness in his conduct. There is 
some development of the Socratic positiou. For Socrates the 
virtues, justice, temperance, lioliness, courage, wisdom, 
were each and all a science, a branch of knowledge, trumj/iti;. 
Plato seems to have made a distinction. Yiitoe or 
goodness was the outcome of knowledge. Knowledge was 
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the necessary condition without which virtue or goodness 
could not be. From such a doctrine, as has already been 
hinted, there follows naturally a humane theory of punish* 
ment. The sinner is in need of healing, training, education. 
The punishment meted out to him must not be such as to 
leave his ignorance unenlightened and his disease uncured. 
He who punishes aright should not be swayed by outbursts 
of passion and revengeful feelings. Such methods are evil 
in themselves and in their effects.^ The lawgiver and the 
judge must have the spirit of pity dwelling in their hearts, 
and must show coniiiassion to the ignorant and weak. But 
if the sinner be incurable (and Plato certainly believed 
that the wickedness of some men is too great to be cured) 
then the judge is allowed to be severe. Indignation and 
anger are the criminaPs deserts, ‘ and the right and proper 
display of these emotions argues the ^lossession of a noble 
nature and a good judgment. For if no txaining bou^ever 
patient and persevering, and no punishment however wise, 
can cast out the evil in a manN soul, death is the only 
fitting penalty.* The sinner's life is in reality a thing 
that is finished, for life to Plato meant growth in the light 
of knowledge, and the thing that is wholly evil abides in 
the darkness of ignorance and stagnation. Such a man 
should for his own sake and for the sake of his fellow 
men be helped out of an existence in which there is no 
hope of his profiting either himself or others. Some of the 
most hardened sinners cannot be corrected even by the 
penalties inflicted after death, according to the account in 
the RepMie^ but are finally cast into Tartarus from which’ 
there is no return.® 

There is an interesting passage in the fSoph^d^ which 
should be compared with the account of the failings and 
frailties of the soul given in the Ttmaeus. In this dialogue 
the speakers are engaged in the search for the sophist, 
and in the course of the hunt the talk comes round to the 
subject of purification. ITie Kleatic stranger, the chief 
speaker in the dialogue, analyses purification and finds 


‘ Lawit 781B. 
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that it IS of two kinds purification of the body and 
purification of the soul Now to punfy the soul means 
to purge the soul of its evil, and theio are iuo sox in of 
evil in the soul One of these is called xoingpta, wickedness, 
which the stranger compares with vtxrtK, disease in the 
body, and oroinv, strife or discord, and the other sort 
of evil IS ayvouL^ ignorance, comparable with aterxost 
ugliness in the body—an example of ciftcrpio, lack of 
proportion^ Theaetttus, who is talking with the 
stranger agrees with this classification 1 must entirely 
concede what I doubted when you spoke of it just now, 
that theie aie two kinds of evil in the soul, and that we 
ought to think that cowaidui, lack of self-contiol, and 
injustice aio all a disease in us, and that we should define 
Ignorance, vaiious and munifold as it is, iis ugliness 
These forms of evil are cured respectively by ^ Kakatmuji 
rtxyri and ^ ScWroci} rcx^i?, the art of correction and 
the art of instiuction the art of correction being 
compared with the ait of inecliciiie and the art of instruc- 
tion with the art of gymnastic The analogy between the 
soul and the body is thciefoie used consistently through- 
out this part of the discourse Plato stresses the analogy 
betwet n the delects oi the soul and the defects of the body, 
and this analogy is still fuiiber developed when he goes on 
to consider the remedies employed in the tieatment of 
these respec'tive sorts ol delect Now iguoronce and the 
instruction which can enlighten it are again subjected by 
the Strang ei to tlu piocess of di\ision One bxanch is veiy 
large m comparison with the test — Plato calls it difficult * 
This fioit of ignorance is uuw an anted comeit ot knowledge, 
and its name dulncss, stupidity, senselessness 

18 tha{ which is given m the Itmaetis to one of the 
forms of evil in the soul The remedy for this is vaiScio, 
education, not the sort of rebuke and admonition so often 
used sometimes in an angry, soii^etimea in a gentler form 
ol remonstrance, but the painstaking persuasive method 

I'or the Tiow that vuo ib diseaBO and uglineni, see Jtepu^ltc, iMB 
* Sophut, 3300 * Sophut, 336E 
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of dialectic which by right reasoning shows a man where 
he is ignorant and biassed. So it turns his conceit of 
knowledge into modesty and predisposes him towards the 
reform of his unhappy state. 

At first sight the analysis of evil in the soul which Plato 
makes in the Sophist does not seem to fit the account given 
in the Ttmamts, One part of Siyvoija^ ignorance, a very 
large and iiuporiant part, is in the SophtH declared to be 
stupidity, which, as we saw, is the word used 
in the Timaeus to name ouo form of badness in the soul. 
That great subdivision of vice in the soul uhich is called 
in the SophiU Tovi^pto, wickedness, does not fall into 
the scheme of the Tvmaeus so easily. It manifests itself 
in various ways : injustice, cowardice, licentiousnese and 
insolence are foims of it. In some respects this class 
corresponds to the class called madness in the 

Timaeus, where indeed the distinction between the two kinds 
of evil is not always kept veiy clear. Madness, according 
to the statement in the lUmaeus^ is directly brought about 
by abnormal and defective Ixxlily conditions which make 
men indiscriminate and over-eager in their choice of 
pleasures and avoidance of pains. The man who is too 
sensitive in regard to pleasure and pain, and who pursues 
the one and avoids the other unduly, is mad. He is able 
neither to see nor to hear aught rightly: he raves, and at 
that time is quite incapable of partaking of reasoning.” 
But excessive indulgmce in pleasure is intemperance, and 
an inordinate fear of pain is cowardice. Insolence, iJiSpw, 
is a form of intemperance. All three, as Plato himself 
says in the Rpepublic, are manifestations of injustice. That 
wickedness, then, which is described in the Sophist as 
revealing itself in intemperance, cowardice, insolence, and 
injustice, is very similar to the madness of which we hear 
in the Timaeus. The appniximation of the two classes is 
further emphasised by the fact that wickedness in the 
Sophist is looked upon as being a sort of disease in the soul 
while the mndnesi of the Tioubtus is also considered to be 
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one of the aouVs diseases, the cause of which Plato finds to 
reside in a great mea^iure in an unhealthy bodily condition. 
Thus it will be seen, that the forms of evil in the soul 
mentioned in the Tim^jcut are to be found in the analysiB 
which is worked out in the Sophixt. It m not essential that 
the two classifications should tally exactly in every detail — 
the really imjwrtant point to observe is the unity of idea 
and purjiosG which underlies these accounts. 

In the passage taken liom the Tmaeus there is an 
intriguing development. Plato attaches a remarkable 
importaiK^ to the l>ody as a cause of error and wrong- 
doing. An ill-conditioned body makes a man bad-tonipered, 
causes hun to react wrongly to pleasuies and pain»», and 
blunts th(Me delicate spiiitiial and intellectual faculties the 
perfect exercise of which can alone en^^ure goodness. Plato 
had never before stated this theory w’ith such impressivenees 
and conviction, though the idea was not altogether new. 
He speaks in the of the tiresome necessity of 

nourishing the body and of the waste which illness causes 
of time that might have been spent in seeking after truth. 
The Pythagoreaus legarded Ibe body as a tonili, <nu/*a . . . . 

that was one of the dogmas of their religion, an 
expression of their mystic faith. Socrates, too, apparently 
allotted to the body a large shaic of the blame for moral 
and intel]ec*tual failings, Xcuojihun^ tells us that he 
oonsideied ill-health to be a source of errors in reasoning, 
while it also made a man melancholy and mad. This 
doctrine is further evolved iii the Timaem and its bearing 
upon human responsibility is clearly stated. Tho relation 
of this theory to Platons metaphysic can be inferred from 
this dialogue and should not be entirely passed over, though 
any examination of the many problems involved is beyond 
the scope of tho argument. It would seem, however, from 
the exposition in the Tmuteus that the individual does and 
can only exist on conditions which involve the imperfec- 
tions of his existence. For the universal soul, which creates 

' Pluwdo, eeB. • X«1I. Mem., iii, IS, vi. 
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the world, creates it by evolving itself into a plurality of 
souls and by so evolving itself submits inevitably to the 
limitations of time and space. But limitation means 
imperfection and departure from type — hence arises evil. 
The soul of the individual living creature is affected by the 
imperfect body, and becomes diseased by its implication 
in the body’s limitations.^ We have already seen what 
those special diseases are to which the soul is subject. 

It has been shown that Plato, in the later part of his 
life perhaps more than in the earlier, considered that 
bodily infirmities and bad environment were accountable 
for the misdeeds and evil habits of men, and it now remains 
to discover whether be admitted human responsibility for 
sin to any extent or whether he was a thorough-going 
deteiminist. Theie is that very clear statement in the 
ZiTTkiet/s, Kiucos flit' yap itaiiv no one is willingly 

wicked, supported by the prouncement in the Law$ 
w fi'elSucot o{ix ^3uco«, no unjust man is voluntarily 
unjust. And in the Sophtst when speaking of the distinc- 
tion between wickedness and ignoi'ance, he says ** There is 
too that other evil which they call ignorance but which they 
are unwilling to admit to be vice, though that is the only 
* vice * that comes into existence in the soul.”^ When 
we remember that a little while before the stranger forced 
Theaetetus to confess that no soul is voluntarily ignorant, 
we may arrive here at the conclusion which is so emphati- 
cally stated in the Timaeut and the Tmws, that no one is 
voluntarily vicious. It is poesihle, however, to translate 
as Jowett does ** And there is that other (evil) which they 
call ignorance, and which, because existing cmly in the 
soul, they will not allow to be a vice.” But apart from 
this, Plato clearly identifies himself in the SophtH with 
that class of instructor of whom the Stranger speaks a little 
further on when he says that some people seem to have 
concluded, after due thought, that all dulness is involun- 

' 9or this view see Aroher Huid'a introduction to his edition of 
the TkMhu. * Scphiii, asCD. 
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tary.^ Plaio does not Hi\y ]ioi‘e “ that all evd in the aoul 
is involuntaiy,” but chotwes to predicate iuvoluntariness 
of only one of the houI’s evils because no wider statement 
is needed for the particular problem with which he is 
dealing. He is tiaekiug the l!iophid down, by the method 
of division, through that paii of ignoiance which is called 
stupidity, duluosN, absuid self-GOU(‘eit : this is said to ho 
involuniury, and for the purposes of the discussion it is 
not necessary to call tlie other iornis of evil involuntary, 
though they may he, and, on Platons view, almost in- 
variably are invnluutai> . Hence there is nothing in this 
passage of the Sophist which qualifies the statement in the 
Timaeos and the haves. 

Such, then, is the doctrine to which Plato gave hid 
adheience. Theie aie, however, a few passages in the 
dialogues that might he thought to admit of an interpreta- 
tion not altogether consistent with the theory which I 
have outlined. Let us turn first to the story of Leontius 
and his fight w ith desire, and follow whither the argument 
leads us. Socrates tells tho tale in the Eepuhlic. ** I once 
heard a story which I believe to he true that Ijeontius, the 
sou of Agloion, w'as coming up from the l*eiraeUB and 
drawing lugh to the northern wall ooi the outside he caught 
sight of some dead bodies lying there, with the executioner 
hard by. He was eager to look at them and at the same 
time be hated tho idea and tried to turn bis mind from it. 
For a long time he fought against it and covertMl his eyes, but 
atlast, overcome by the desire he pulled hiseyes open, ran up 
to the corpses, and said ‘ There now, you wretched thingB, 
glut yourselves with the lovely sight.’ Socrates had 
been examining those three principles in the soul — the 
rational principle, the spirited principle, and the concupiscent 
principle, and tlie story ilhistiutes the conquest of that 
part of the soul which is spirited and indignant at 
unworthy actions by the part which desires: it also serves 
to show that these two parts are distinct. Socrates goes 
oa to say that this indignation frequently fights on the side 
o( reason against the desires. Now if reason tells a man 

* Sophist, 38QA. 
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what is and indi^mtion, which is a sort of oon- 

science, is iif^hting along with reason against a base 
desire, and if a man in spite of reason and uouscienoe 
does what his desire prompts him lo do, con he he 
said to have acted involuntarily P To this question Plato 
would probably have replied “ Yes/' The feeling dis- 
played on this oc<jasion is a stupid curiosity, a mixture 
of senselessness and iniemperanee. The action is tainted 
with madness, to use the categoiies of the Ttmaeus. At 
the moment i^hen Leontius <»ast out the dictates of reason 
and decency and was carried away by the desire for an 
unworthy excitement, he was temiHiranly mad; “he is 
able neither lo see nor to hear aught rightly ; he raves, 
and at that time is quite unable to paitake of reasoning.” 
Now madness, as we saw, can be traced to an unhealthy 
state of body, possibly fostei'ed by lack ol good training. 
It was not then Ijeontius’ fault, Plato would have said; 
he was relieved of the resiKinsibility for his action. And 
since his baseness is shown to lie involuntary, Plato is not 
inconsistent. 

Take again the famous passage which occurs at the 
end of the RepMie in the myth of Er.^ In this Kr tells 
how the souls, after they had finished the journey of a 
thousand years which awaited them after death, came at 
last to Lachesis, on whose knees were lots and models of 
lives: and the interpreter who had manchalled the pilgrims 
announced that the time had oome for them to choose a 
mode of existence and begin life on earth again. ** A 
destiny shall not choose you,” he said, “ but you shall 
choose a destiny. Let him that draws the first lot choose 
a life which shall he added to him of necessity. But virtue 
knows no master. He that honoureth her shall have more 
d her, and he that dishonoureth her shall have less. The 
responsibility rests with him who chooses: God is not 
responsible.” So they drew lots, and then the various 
samples of lives were exhibited, l^e lots outnumbered the 
souls who weire present, and there were lots ol every kind 
of human and animal life. It was indeed a fateful momeprt 
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in the souls’ existence, and Socrates pauses a monnent in 
the story to mark the gravity of the choice, and to give 
a short exhorhitiou on the nereesity for expending every 
effort to fit the soul for that supreme crisis of its fate. The 
souls were assured that even the last comer, if wisdom 
were exei'cisscd and the soul weie not lasy in its next life, 
had the opportunity of making a good choice; while a good 
choice uaK not guatantml even to the holder of the first 
lot, unless he took care. Tt is interesting to note that 
one of the souls ho had led a blameless life in his previous 
existence nia<le a distustrous selection, choosing the life 
of a tyrant because of its power and riches, and not seeing 
in his greed and heedlesaness that it would bring upon him 
terrible calaniitics. The reason of his folly was that in 
his former life his lot had been cast in a well governed 
state, and his viHue hud been only a mechanical thing, 
produced by fowes from without himself not in his own 
heart. His virtue had not been based upon reasoned 
principles, and when temptation came he fell through 
ignorance. The ^ouls then all made their choice, and after 
having possed through the Plain of Forgetfulness and 
having drunk of ihe llivei of TJnmindfulness, they rested. 
They were lousod from their repose by a loud clap of 
thunder and an earthquake, and were reborn, ** shooting 
up,” as Plato Huys, ” like nturs,” to lead <he lives which 
they themselves had chosen. 

The difficulty in this passage lies in the words of the 
interpreter, “ He who chooses is responsible; God is not 
responsible,” H Ihe soul when it made its selection of its 
future life was to be held accountable for its choice, then 
we must suppose that it had a real choice, that it could 
in some sense have chosen otherwise, and that it had a 
measure of free will. But hitherto our attention has been 
ooncentrated rather on Plato’s determinism; we have 
disregarded the element of freedom. Leaving this pasaaga 
lor a moment let us turn to a statemmit in the LavfM which 
introduces a similar problem. In the making of the 
whole God contrived an arrangement of the vanons parts 
arhiob would best and most easily secure the victory of the 
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good and the defeat of evil. Now he has devised the kind 
of place and abode which each particular chaiacter must 
share and inhabit in relation to the whole. But ho loft 
to the wishes of each of us the formation of tlie particular 
character. For the qtiality and character of almost all of 
us nearly always depend upon the direction of our desires 
and the nature of our souls. ( T do not think that this 
passage gives us any fresh data ; hut it confirms the theory 
which was stated in the Kejnihhc, Tt is, in fact, a 
reitemtion of the blamelessness of GofI ami the responsi- 
bility of man, not in the choice of a fulure life, but in the 
choice of our character in this present existence, in the 
making of which our desires and dispositions play a great 
part. 

We are now in a position to ask what Plato's attitude 
really was to the contending claims of freeuill and 
determinism. Or since the modern terns freea^ill and 
determinism have a uider and more conitdcx connotation 
than is suitahle for our purpose, and the problem presented 
itself to Plato in a simpler form, let us put the matter 
differently, and ask ** Did Plato bold men responsible for 
their actions? Did he think that men are free to choose 
what they will do or be? " Plato's answer to these ques- 
tions whether we find it satisfactory or not is all the while 
tumbling about before our feet." The interpreter in the 
myth of Er warns and encourages the souls who are about 
to make their choice by pruclaiming lo them that virtue 
has no master, Aptrii H uiifnroaov, Proclus interprets the 
words as meaning “ virtue is not only in our power, but it 
frees us from many harsh masters, slavery to whom 
deprives us of all good things." There is, then, for Plato 
some sense in which men are free to choose. Virtue waits 
for them to take her. Let them only regulate their desires 
aright and she is their's. But Plato is loath to blame when 
the choice goes wrong. There are many evil infiuencea that 
constrain a man unwillingly to do wrong — a bad bodily 
conditKm and bad training are especially potent for ill. 


' IrMt, 0040. 
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So Flato does not solve the problem — he states it anemr. 
Han is not without responsibility, for though vice is 
involuntary, virtue is free. For this reason Flato is ever 
stressing the need to seek diligently after the good. There 
is still u place for enthusiasm and endeavour, and though 
the hindrances to man’s efforto to attain (o viitne are 
great, the task is not impossible. He must lay hold of 
the golden chord of reason, of the laws of Gk>d in. the world, 
the city, and in his own soul, and if the work be well done, 
he may escape at last from the ills and wickedness this 
world to dwell apart in his own particular star. 
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PEESONAL REMINISOENCiS AND IMPRESSIONS OP 
DR JOHN THEODORE HERZ 

I — By R A Sami son F R S 

My fiiendship witih Dr Mere dates from 1893 I had 
just joined the Staff of the Durl aim Collef<« of Scimue as it 
was then called and he lost no time in making a newcomer 
feel at home I recall a charaiteiistu tomh in his first 
note — a sketch map to pilot the stranger without waste of 
time to The Quaines where 1 afterwards spent so many 
an hour under his fiiendl> and hospitshle i lof For he 
loved to talk his ideas into shape Not indeed that they 
ever appealed to pass through an inchoate stige Hither 
it seemed that when he had mastered his authorities ind 
ranged his facts in significant historical order to his own 
satisfaction within his own mind he would unfold the 
lesult His first great book was at that time on the stocks 
It had been on the stocks for many years hot how many 
yeais before that he had planned to wiite a Htd ry of 
European Thought vn the Nineteenth Century I do not know 
Viewing its ambitious scope not a few who knew the 
multifarious caills upon hia time and the meticulous care 
with which he discharged every duty doubted if it could 
ever reach the printer s hands They underrated his power 
of detachment his strength of purpose and above all his 
inteiest in it Thu interest was not so much a master* 
passion as a steady compelling force To Mere who was 
interested also in practical affairs and very successful in 
that sphere and highly appreciated by those who are the 
only competent judgres erudition was a thing worth while 
It was the thing worth while This u so unusual a view 
that it stands out for m« aa a stnkingly foreign trait a 
hentagn of hu German pamitage * The ^ingluh pnhlia 
idiool teacher has a contempt for leanung ’* he said to me 

II 
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on one occaBion. Now he never aimed at epigram, or 
puied n pliiUHe from ifH simple tnith in order to give it 
forc'G. ITe valued ri^^htly, tind highly too, the educ^ation 
whicli our imbhe scliools Hupjdy But there wuh tlie Horry 
fact. He, having many calls uiion his iiiiio, used to 
“ lengthen hm do^a,’’ not by “ stealing a few hours from 
the night,” but by riHing oveiy moniiug at five, in order 
to devote the first and l)est poitiou oi each day to the 
important buniness of i^mling booke. 

Mer7’» love of books showed itself in an unusual, 
individual way. It is related o^ Darwin that he had no 
resi)ei*t for u Ixiok, as such. He would tear one in two, 
if in that form its contents were handier. Most of ns, 
without going so far, keep our books in their original 
working jackets, or if a series, or foreign cuBtoui, compel 
us to bind, the book’s appearance is rather less interesting 
after the ceremony than before. I well remember the 
avtonishuient with which I found upon Merz’s shelves, 
clothed in faultless leather, mathematical textbooks that I 
had known in every stage of honourable and dishonourable 
decay. A copy of Cantor’s OeRchrhte der Mathematit whidi 
he gave me when breaking up bis mathematical collection, 
18 one of the most jierfect pieces of binding, by ZaehnMlorf, 
that 1 have ever seen. In these shapes Yiin books 
proliferated from his study into every bedroom and alcove 
of the house — ^biographies, systems, histories, series of 
collected works. Tidiness and good workmanship were a 
pleasure to him, and he paid that tribute by binding the 
books in which the deepest part of his interests found 
sustenance. He said he was a slow reader, but I believe 
every one of bis books bad been reed. Marginal pencil 
marks told the story, and as fai as I could trace, their 
contents were always at his command, in memory, at once 
and without effort. The vieitor to his study will recall 
the words: — 

“ Nulli optabilis dabitur mora; 

Trrevocabilis labitur bora. 

Ne sit inutilis semper labora. 

Neve sis futilis, vigila, ora.’’ 
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or roughly Englished: — 

The hour ig here — gone; 

Suns pause the h(ream flows on. 

Woik, thui to-day bring gain. 

Watch, pray, leat worlc bo vain. 

These words which met one, (jarved on the overmantel, 
had more than a cuNual significance. His life was directed 
with vigilant industry to a clearly conceived goal. 1 have 
said that hia innate esteem for learning was a German 
tiait. Many of hi^ traits seem to me to bear the same 
stamp, belonging to that Germany which for the time 
being we can retyognize no moie. One of these was the 
(lominaiUT of the idea, the theoretic object, der Degrtff^ 
in his most considered actions With us, on action grows 
into shape ns it matures. 1 sup|K)se we can imagine a pure- 
bred Englishmen writing a HiMtoi-y of Philonopbic 
'rhought, but the result would hardly have l>een so 
impersonal as Merr/s work. It is, jierhaps, a weakness 
that makes one ai>k, what he himself thought was the 
outcome from so many lives and labours devoted to wience 
and philosophy. One reads an elaborate chapter on one 
l>oint of view of Xature, and, approaching the end, one 
wishes for some integrating comment. Vain wish. One 
tmns the page, and u new chapter, from a new point of 
view, begins, related ns carefully, without fatigue or bias, 
in be replaced, when concluded, uilliout epilogue by a 
third. Because the idea was 1o write a history, not a 
philosophy. Is it merely a national bias that makes one 
impatient that so many opportunities of making himself 
interesting should be passed byP We distrust the value 
of system and trust the original perception of individual 
minds, in spite of its incoherence end even of its emm, 
Grau, theurer Freund, ist alle Theorie, 

TTnd grfln des Lebens gold'ner Baum. 

Therefore some will esteem more highly the contents of 
his two later books, short but not leas careful, because of 
their personal character, tho deliberate contribution of 
a participant in life, and not merely the detached survey 
of an historian. 
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Mens’s detachment, Lis limitation of interests, was 
unquestionably a deliberate restriction, in order that by 
singleness of purpose he might achieve a definite effect. 
In the unbounded regions in ahich his thoughts moved, 
even greater forces can become meaningless and be totally 
lost by diffusion. His mind was anything but diffusa. 
He could recall the weather of a given year and even on 
specific dates. 1 happen to remember the names of the 
'* three bad saints ” — Servatius, Bonifacius and Panciatius 
— who, he instructed me, so often blight the vineyards of 
hVance with frosts on their name-days in the early half 
of May. Many another such carious trifle, floating up from 
the pit of memory, bore witness to the way in which every 
fact that came by found lodgment, to be used in its proper 
place, if it had a use. 

Mere used to talk very freely about business affairs and 
business people. He did not regard business, as so many 
bom scholars do, in the light of a tiresome necessity, to 
be set aside as soon as it hod served its purpose. His 
interest in it was active and unfeigned. But I allude to 
it here only so far is it made part of his private, intimate 
daily life. Another aspect of this life which for other 
I'easons one does not expatiate upon, but which one cannot 
leave out without wholly misdescribing bim, was its pro- 
foundly religious character. Indeed, no other type of 
mind could have written his last book. He was a very 
just man. And when in old age his excellent (‘onstitution 
began to give way, and in particular he was progressively 
deprived of sight, he proved a very patient one. His 
interest was undimmed and his work continued. Many of 
us will always cherish the memory of his figure, wrapped 
in its shawls, by his study fire or in the garden he eo loved 
and knew in such complete detail, bringing out from the 
unclouded stores and pictures of his memory things naw 
and old. 
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II. — By EmerituB-ProfeHSor V. l^iLUPS Bedsoit, 
M.A., D.Sc. 

No memorial of Dr. MeiK would be complete without 
an account of the part he took in oHiablishing Armstrong 
College, and although I am fully conscious of my inability 
to do full justice to this bpecial phase of Dr. Mers’b work, 
still my bincore and deep regard for his memory impels 
me to record my reminiscences of his activity, as a Member 
of Council, eiitending over nearly foity yeais. 

The College Council was fortunate in counting amongst 
its members so distinguished a scholar as Di. Merz, whose 
wide educational experience and bioad sympathies were 
well calculated to help forward the objects of the College. 
Moreovei, his recognised position as a writer and exponent 
of philosophy, gave an added distinction to the Council, 
When Dr. Mens was elected to the Council, the College was, 
although in its twelfth >ear, still in occupation of tem- 
poral y premises. Shortly after his appointment, the 
question of finding more suitable quarters for the College 
became uigent, and affoided him an oppoitunity for the 
display of his practical knowledge of finance and affairs. 
In fact, his eminent gifts as organixer and man of business 
were destined to be of the greatest service to the Council. 
Dr. Mers’s immediate contribution to the solution of the 
problem of new buildings on a new site was an exhaustive 
analysis of the financial position of the College. This 
statement was no ordinary balance-sheet, perfunctorily 
explained and concluding with a deficit — in University 
finance a never-failing feature of such documents — but a 
lucid, thorough and scientific analysis of the annual 
expendituie. One distinctive feature of his analysis was 
the demonstration of the fact that the College was paying 
extravagantly tor its housing in premises entire'ly inade- 
quate, and notoriously unsuitable for the purpose, and as 
for expansion under these conditions — impossible. Thus, 
the Council were heartened to proceed in real earnest 
with the project of securing a site upon which to ereot 
buildings, specially planned for the needs of the College. 
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From thiB time on for many yeara Dr. Men’s hand 
guided and directed the financ^es of the College. His 
counsel was in constant request, and to his opinion the 
Treasurer invariably defeired. In fact, Dr. Hen became 
Chancellor of the Exchequer and, joining with Messrs. W. 
Cochrane, H. It. U6<lmayne and Dr. Spence Watson, 
spared neither time nor energy in piomoting the advance- 
ment of the College. To these four men, in a special 
degree, do Newcastle and district owe a debt of gratitude 
fot the giowth and suecess of the College. 

When the site had been seemed and building opeiations 
begun, unremitting was the attention which the affairs of 
the College received from Dt. Mere, by whose instru- 
mentality a loan was secured, making the extension of 
the buildings possible. During the first years in the new 
premises, when lack of funds threatened the veiy existence 
of the College, Dr. Met a by personal effort secured 
subsci iptions to a sustentation fund, which helped ** to 
carry on,” until the Qoveinment with Treasury giants 
came to the assistance of the Univerbity Colleges in 
England. 

Looking bac*k to those days, when not only was money 
scarce, as it always has been, but when tiie work and the 
mission of the College were so little appreciated, one 
realises now how the firm belief m its future by such men 
as Dr. Mers served to give courage and confidence to the 
membeiR of the Staff, and stimulate them in their 
endeavours to extend the influence of the College in every 
possible way. 

To recount in full the activity of Dr. Meis as a Collage 
Councillor would be to recite the history of innumerable 
committees upon which he seived. No committee charged 
with recommendations for the appointment of a m«nber 
of the Staff was deemed complete without him, and to al\ 
this woric he willingly gave of his best. 

To one whose sympathies woie those of the scholar and 
student, education in Science, pure and applied, alone did 
^jDiot constitute a sufficient justification for the existence of 
a college in Newcastle. Dr. Men showed his practiCAl 
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Bjmpatliy in every endeavour to widen and broaden the 
ourriculum, and thue provide a centre for the higher 
general education of all properly qualified to benefit 
Irom it. 

In the CoHege Libiaiy Dr. Mere took a special interest 
and to it he presented the important collection of scientific 
and philosophical works which served him for reference 
and study in the preparation of his great work, The H%$tory 
of European Thought in the Nineteenth Century » Upon 
the possession of the Mere Libraiy the College Authorities 
are to be congratulated, and upon them now devolves the 
care and solicitude which Dr. Mens was wont to bestow 
upon his books. 

These leminiscences Huuld not be complete without 
leference to the fact that for the greater portion of his 
life Dr. Mers was engaged in Chemic^al Industry, To 
many he was known chicfiy as a chemical manufacturer. 
At one time he was engaged in the Tharsis Sulphur and 
Copiier Works, both m Glasgow and on Tyneside; and he 
also attempted to establish a factoiy foi the pioduction 
of Coal Tar Colouis at Hebbuin-on-Tyne. He had studied 
Chemistiy at the University of Gottingen, where he had 
been a pupil of Wohler, Professor of Chemistry m that 
University, who is famed as the discoverer of the artificial 
production of Urea. This, the first instance of the 
preparation in the laboratory of an animal product, laid 
the foundation of Synthetic Organic Chemistry. Wohler 
himself had been a pupil of Beixelius, and for many years 
collaborated with liebig in work of fundamental impor- 
tance to Chemistry. Thus Di . Mens afforded a direct link 
with the great foundeis of Chemical Science. For the 
student of Chemistry, the first volume of the Hutory of 
European Thought %n the Nineteenth Century contains a 
masteily account of the development of chemical theories. 

Although Dt. Mers did not appear to participate much 
in the public affairs of his adopted city, still, by his quiet 
unostentatious work he not only helped to build up 
Armstrong College to be a centre of light for future 
generations, but to his inspiration Newcastle and the 
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Burroundinff Distiict are indebted for the estabhdunent 
of an Electric Supply, lecogniaed throughout this Country 
as the pioneer and type of all such enterprises 

This tribute to the memory of Dr Men uould be 
incomplete without a reference to that sympathetic 
friendliness and inteiest, whuh characterised his attitude 
towards the members of the College Staff, many of whom^ 
like myself, will over gratefully cherish the memory of 
the fiieiidahip we had the gieat privilege to enjoy 
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III. — ^By Profegflor Douglas A. Oilthbist, M.Sc. 

I came in contact with Dr. Mezi at the end of 1902. 
Informed that he aas one of the Big Four in the 
Durham College of Science (now Armstrong College) « I 
soon realised how valuable the all-round attainments of 
Dr. Mere had proved in its eazly years, possessing as he 
did that rare combination of business aptitude, power of 
organisation, and keenness for the development of complete 
Higher Education in the Humanities, in the Sciences, and 
m the various branches of Jndustiial Activity. He believed 
that the ** together view ” was the bed rock of higher 
education, and realised that the specialist, whether in 
Greek or in Agriculture, must not only have a broad 
training and outlook, but that his geneial culture must be 
developed along with his special knowledge. 

The impression given by those paits of Dr. Mere’s 
works which 1 have read is that he had little sympathy for 
philosophers who did not possess a wide lange of know- 
ledge, he pointed out that Bacon did not leoognise 

the importance of mathematics. He evidently placed much 
value on the close connection between philosophy and 
general literature in this country — a feature not neaily so 
prominent in France and Germany — and, as a consequence 
of this, he held that philosophy had a close alliance with 
the piactical pioblems, as well as the literaiy tastes, of 
Britain. My feeling is that Dr. Men's life and work 
should do much to stimulate the fuller appreciation of this 
relationship by oui students of philosophy. Even as it is, it 
seems to me that the influence which British literature 
has had on Biitish philosophy has done much to make the 
thought of our philosophers more democratic in character 
than that of France and Germany, and that philosophy 
in Britain has been distinguished by a healthy oommon- 
sense, because it has not been confined to a few specialists 
discussing highly abstract problems in highly technical 
language. When Dr. Merc suggested that fhe dictum, 
" I think, therefore I am.” would be truer if rendered, 



“ thinking is being,” I suggest that possibly thoughts 
like the foregoing may have been in his mind. At any 
rate, this rendering of his was in keeping with his complete 
unselfishness, due undoubtedly to bis aspirations to truth 
and love. 

” If self the wavering balance shake 
It’s rarely right*adjusted.” 

and — 

“ 0 ! wad some po’er the gif tie gie us 
To see o’orsels as ithers see us! ” 

It is in the spirit of these quotations that Dr. Mers seems 
to me to have reasoned in arriving at the conclusions 
expressed in his Fragment on the Human Mind, in which 
intense philosophical thought is put in a form which 
enables even a lay-reader to follow the author a consider- 
able way in his penetrating arguments. 

Some years ago he commented to me on the truth and 
beauty of Blackmore’s translation of the Georgies. Our 
examination of it showed how much Blackmore has done 
to assist the reader to separate Virgil’s record of the folk- 
lore and of the actual facts of his time. 

A talk with Dr. Mers on Ooethe, or Burns, or any 
great British, French, or German poet, was a rare treat, 
as he could so aptly give quotations to illustrate their 
different phases of thought and to show how their loves, 
their ambitions, and their sorrows had influenced their 
work. How he would tell of the influence of The Vicar of 
Waktfuid on young Goethe and what a stir the appearance 
of Macpherson's Ossian created throughout Europe 1 When 
the talk was in his library and an author was mentioned, 
how readily he could refer to hie work and the best infor- 
mation about him ! His library was that of a man who 
had his favourite authors at his elbow, in print and 
bindings worthy of them, and surrounded by other books 
so chosen as to constitute an unique reference to British, 
French and Gennan literature. His gift of his scientific 
amd philosophical books to Armstrong College was a great 
acquisition to the College Library. 
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In his Fragment, the chapter ** Of Truth ” givefr a rare 
insight into the man himself. He tells us there that Truth 
leads us to the Beautiful, the Good and the Holy. His 
belief was that the full Truth we should strive after 
comprises Beauty in Life and Love, in Music, Poetry and 
Art, and in Industry, and that our humbly striving after 
ultimate tiuth will develop beauty^ love and holiness in 
our lives. 

It was my great privilege to be his near neighbour and 
in close touch with him during the last two years of his 
life. I was greatly impressed with his power in conversa- 
tion of imparting coriect and concise knowledge of its 
subject, and how he would fiequently diveit it so that 
enlightenment on anothei subject might be obtained from 
someone piesent who had special knowledge oi it. 

How he loved his home and garden ! Every plant in 
the latter recalled rich associations to him. In no way 
was his <*omprehens]ve outlook better illuntiated than by 
the unique knowledge he had of the science and the art 
of the gaiden, which were, after all, two of the portals to 
his keen enjoyment of it. In his garden 

he outwent 

A royal fortune in his heait’s content/’ 

His decision, when young, to widen his horuson from the 
philosophy of the Schools to the philosophy of the World 
has borne rich fruit in many directions, as in the 
encouragement he gave to the academic and business 
circles of Newcastle to draw more closely together. This 
was a piactical application of his ** synoptic,’’ or 
“ together,” view. The ideal of synopsis probably gives 
the best indication of his method of work and study. One 
of his favourite illustrations of this view was that a child’s 
conception ol an egg already contains implicitly all the 
aspects which the sciences afterwards isolate and abstract* 
The egg may be analysed by a chemist into its chemical 
constituents, and htudied by a biologist in respect of its 
structure and development into a living animal, but if they 
lose their primary conception of it in its icholeneMS, their 
ultimate conception wall be impoverished by abstraotum 
aud confused by the details of their analytical work. 
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My belief ia that» to those who knew him, the character 
of the man ia rerealed to much the greatest extent in 
Religion and Science. In this book he faces the problem 
of the means leading to a scientific conviction. ** It is 
frequently the flash of the moment which throws light 
upon the whole region of painfully acquired information 
and gives it life, a stimulating and impelling force. 
Hundreds of well-informed persons lack the finishing 
touch which gives life to their knowledge, and much 
so-called education seems quite incapable of imparting it.’' 
This flash of synoptic insight not only yields our convic- 
tions in Science and, by a different process, in Religion, 
but it should also be what all teaching and research work 
should aim at producing. 

The foregoing quotation summarises the ideas given to 
me by many talks with Dr. Mers as to how research and 
educational work should be conducted. In Agriculture, 
for instance, results of such work should not be announced 
to the farmer till they have been thoroughly tested under 
conditions of farm practice and shown to he more econo- 
mical than his own probably sound methods. All teaching 
should be suggestive rather than dogmatic and should 
encourage the farmer, the student, and the research worker 
to look for dervelc^ment, so that a living interest as well as 
continuity of progress is secured. 

1 know what a keen interest Dr. Mers took in the 
Agricultural Department of Armstrong College when Dr. 
Somerville, who so well laid its foundations, was establish- 
ing a degree course and shorter courses in Agriculture, 
conducting field- and other experiments throughout the 
four Horthem Counties, and starting so efficiently the 
Northumberland Agricultural Experiments Station at 
Cockle Park, the results from which are now known 
throughout the world. 

Dr. Mers, as Chairman of the Board of Directors of 
the Blaydon Manure Company, always welcomed visits of 
the College Students and Staff to the Works of his 
Cm&pany, and arranged demonstrations of a most valuabia 
character, every poesible information being given as to 
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the manufacture uf the manures. He took the keenest 
interest in the research and the teachingi work of the 
Department and was ready with suggestions. He fre- 
quently dtew my attention to lec'ent woik in Europe and 
America, and some books he obtained fiom a fiiend in the 
United States have been of gieat service in trials we are 
making of ground mineral phobphates, which promise most 
valuable results. Shortly before his death, he was trying 
to ascertain to what extent agricultural education and 
research had been productive of results, and how these 
could become more effective. We both recognised the 
great advances that had been made in the breeding and 
feeding of live stock, and what the plant breeder and the 
resean'h worker in manuies and soil cultivation had done 
for crops, but wera not so able to decide to what extent 
modem social conditions had checked this greater produc- 
tion. If the farmer and farm labourer had continued 
working long hours and living as frugally as in the past, 
the modem eiiuipinent would have greatly increased the 
agiicultuial output, but, as in other industries, the 
facilities foi increased output have been largely utilised 
to provide more comfortable living and easier and better 
conditions of labour. 

Some years ago he accompanied me round Cookie Park 
with a puity of f aimers. He was most appreciative of the 
experiments, the obvious lesults of which pointed to 
improvements in farm practice, and increased economic 
output of crops and meat, and was especially pleased when 
he found the faimers keenly interested and expressing 
determination to put the results into practice at home. 
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IV. — By Proiessor Alexanobb Mbbk, D.So. 

Di. Ment was known to all of* us as u man sincerely 
interested in the two Collets at l^ewcastle and in our 
University, and us a keen and active member of their 
OoniioiU and of the Senate. When I first met him, now 
over 25 yen in o^, 1 was studyin^f several features of the 
giowth ot organs in relation to the growth of the animal, 
and it w<is a great pleasure to me to find in him a philo- 
sopher impressed with the Darwinian dootrme ci the 
survival of the fittest and eager to discuss evidences of the 
competition of parts aithin the organism: above all, in 
possession of the literature dealing with the work of Booz, 
Mehnert, and others, on Entwickelungs-and Bio-meohanik. 

He was then busy with the Hutory of Evroptan 
Thought, the stupendous and encyclopsedic task of critically 
analysing the progress of science and philosophy ^ jQie 
10th century. In his masterly survey we can trace the 
independent and yet interdependent giowth of Science in 
its various branches. Each was emerging at the beginning 
of the period from a condition of relative chaos. During 
the century discoveries were made on all sides, and 
genei alisations of gieat importance arrived at, but, 
amongst the many achieiements, one stands out as pro- 
ducing in England, and, latei, on the continent, a change 
in outlook which affected all phases of thought, vis., the 
discovery of the fact of evolution. The acceptance of this 
fact — and the acceptance took place rapidly — added the 
dimension of time to the conception of space, introduced 
an appeal to history and change in solving problems 
relating to the universe and life, and it offered a rallying 
ground for harmonising the results already achieved in the 
realm of science, and even in that of philosophical thought. 

The work of the geologist had reached a stage whi<di 
permitted Lyell and others to teach that the earth has had 
an origin and a continuous history. The biologist was 

e dy to receive the doctrine of the evolution of life, with 
t imnlication that life on the earth had a beginning, and 
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Darwin, after originating the new view, owed much to 
hts friend Htixley, and nleo to Wallace who had arrived 
independently at the Kame theory, for its spread. The 
light thus shed on the facta of palieoutology, brought into 
line with those relating to the genealogies of plants and 
animals, made clear the nntuie of the pioblems of 
morphology , physiology and embryology. It even bent its 
beams on ps;ychology, for it became evident that Uie progress 
of life from stage to stage was not merely a morphologioal 
and physiological gain, but was accompanied by a correa* 
ponding gain of mental power. The student of life has 
now the knowledge that practically all phases of life exist 
at the present dayi that the conspocuona evolutionary 
changes only occuttcmI once and were never' repeated, that 
all start at the beginning and encomimBs, each of them, a 
morphological, physiological and psychological history to 
the stage they occupy. He is conscious also of the long 
history of life and recognises that on all planes of life 
progrees has been made in brains as well as in structure 
and function, except where living forms have yielded to the 
allurements of undue protection. 

The culminating result of the evolution of animal life 
is man, and those i eared in the matei ialistic schools have, 
at all events to begin with, to view man as part of the 
whole. In one respect man is as old as life on earth. In 
the other, as man, his reign is a short one compared with 
that of the life from which he emerged. During the eras 
of millions of years prior to man, theie was no science, 
no philosophy, no religion. These have, like man, on 
oiigin and an evolution. 

Thist may be said to have been the condition of 
scientific thought in Britain and America before the end 
of the 19th century, and the doctrine of evolution may 
now be said to be generally accepted wherever soieniifis 
work is prosecuted and taught. 

Sudi a presentation of the origin and history of man, 
man viewed in relation to the background of t^ history 
of life, has penetrated slowly into philosophical thouiHtt. 
Mnoh good work was done towsrds the end of the last 
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century — ^for exomidey by Lloyd Morgan; but it is since 
the beginning of the 20th century that animal life has 
been studied with the express view of gaining more definite 
information ocmceiuing the inenttil prooeeees of animals. 
Dr. MeiXy after he completed his History^ was keenly 
interested in the work oi ihe “ behaviomists ” and in all 
obaervatioins on the habits of animals which tended to 
illustrate their mental capabilities. As recently as 1921 
he requested me to tell him more particularly the detaile 
of an observaticm I had made and published in 1901 
(lieport of the Cullercoats Laboratory for that year, p. 59). 
I om consti allied to recount the incident here, for it 
illustrates, with many another, that even lowly animals 
may evince mental qualities of a noteworthy kind. 

The creature in question was a small amphipod 
crustacean with the name Stphofioecete$ colletU, Its brain 
is quite miciosoopic. It lives in sand just beyond tide 
marks, and constructs of sand grains a tube opea^at tbe 
ends, and just of the light size to afford complete protection. 
I took one specimen out of his tube, placed him in a Petri 
dish filled with sand and ccmtaining another specimen in 
his tube, and watched the newcomer’s movements under the 
microscope. After some exploration he came across the 
tube and, finding it occupied, determined to evict the tenant 
and gain it himself This is how he accomplished his 
object. He first made a display with his antennse at the 
front entrance, next at the hack entrance, evidently with 
a view, not so much at intimidation, as to convey to the 
occupant that he wae merely making sure the tube was 
already occupied. He actually repeated the process several 
times in rapid suoceseion after which he lay quietly aiong- 
side the tube. The occupant also remained quiet Imr a 
while, then began to make exp]orat<»*y protrusions with his 
autennee; at first to a very short distance, then gaining 
confidence the antennas were produced to a greater distance. 
The raider meantime never gave the least sign of move-* 
ment, waiting patiently and watching the movements of 
the tenant until the moment came for actiim. He knew 
as well as I did that he could not gain entrance until the 
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occupant concluded that it wa« safe to emerge far enough 
to allow the eyes, that ia to say, the head, to clear the 
tube. Something at the right time conveyed to the raider 
that the occupant in the proce^is of emerging woe going to 
do this. Thus, aa the ocfupant wan emerging, he gently 
retieaied, and just as the other’s eyes weie clearing the 
front end of the tube, the raider plunged suddenly and 
accurately into the hinder end of the tube and thrust out 
the occupant in front of him. The latter turned round to 
look at the tube and then began to survey the area, soon 
settling down to the task of making a new tube, in itself a 
most inteiesting proceeding. Such an incident cannot be 
explained by reference to tactic lesponses The late 
occupant did not make the least attempt to gain an entrance 
after the eviction. Moreover the proceeding does noi 
always succeed. I next placed two examples in a small 
dish with only one tube. One of them almost immediately 
entered into habitation. The other tried his best to evict 
him, but used clumsy, forceful methods, in his efforts 
dismantling pait of the tube, and he failed in bis object. 

The results obtained by experimental psychology, token 
together with such observations as that illustrated above, 
give reat^on to believe that mind has its history and 
evolution. When the conclusions which behaviourists 
learh on the basis of their laboratory experiments are 
lel erred for confirmation to the actual distribution of 
creatures in their given enviionment, it is seen that 
behaviouristic principles cannot adequately explain that 
distribution, and that the factor of volition is thioughout 
at work. 

A fnimer and his dog looking at a passing train are 
equally aware of the fact. So are all the birds and beasts 
in the field near the railway. The wave communicated 
through the rails to the soil is conveyed through the earth 
to the subterranean mole and to the rabbit in its burrow. 
It is communicated to the multitudes of earthworms undeiv 
foot, and is dispersed in the plants, even reaching tha 
la^t formed branches of the trees, and in the rattle of tike 
window back there in the house (which conveys to master 
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and dog" alike, wheoi in the hoiiae, the fact of the train). 
The wave is conveyed to the ix>nd, and every living) creature 
in it is aware of it, and some probably recogniae its 
periodicity. The passing ot the train affonls us every 
phase of effwt, from the moving of the particles of the 
soil, and the reflex of Vortitella, to the mental processes 
in the dog and m man ; from tiie reception of the wave by 
inanimate objects to the manifestation of the reception 
^indicated by many of the animate recipients. 

This is how the problem unfolds itself to the sootogist, 
'the neurologist and the physiologist. While these admit 
that philosophy is the greatest of all sciences, as 
seeking to unify the truths proclaimed by each, and even 
to discover ultimate truths, they feel that progress now 
does not lie in introspection and delmting the claims of 
schools of thought, hut in beginning, anew and humbly, 
an enquiry into psychological manifestations in life 
generally, with the tentative view at least that the human 
brain is the pi-oduct of evoJution. 

I know from my conversations with Dr. Mens that he 
Was sympathetic with this view. He fully realised that it 
was impossible to make progarem in biology with purely 
m^hanistio or even vitalistic concepts, and he insisted on 
thi# application of the genetic point of view to mind. He 
saw that neither purely physiological methods nor meta- 
physical ones lend anywhere in biology. Tire conviction 
which some of us hold, that on many planes of life con- 
sciousness may be said to have emerged in varying forms 
and degrees, and that its presence may be demonstrated 
where the conditions call for its manifestation — ^this 
conviction is wholly in harmony with his views. 





Dr. Merz about 1900 {at. 60 .) 
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THE PHILOSOPHICAL WORK OF DR. JOHN 
THEODORE MKKZ. 

By ProfeHbor R. F. AiuyHKD HohUNLK, M.A., B.Sc, 

Mr. Bertrand Russell, in one liis epi^iammutio 
moodfl, has i*Gfcntly observed that “ philuHophers, ihuufrh 
they are all aj?veed that philosophy is important, are agreed 
about very little else ’* One might spin out this remark 
by adding that philosoplieis, even thougli they uie agreed 
upon the importanee of philosophy, geneially disagree 
(oneerning the leasons whv it is important. Naj, it is 
even possible to find philosophers— Mr. Russell himself 
IS an example — who disagree with themselves on this point, 
praising phil<)M>phv ut different times on diffeieut, and 
sometimes niiitiinlly ineompatible. giounds. 

However this may be, there is no doubt that Di. Mcra 
thought philosophy supiemely important and that, 
throughout his life, he nevei wavered in h’s reasons for 
thinking so. Moreover, he is as clear about the great task 
which, in his view, belongs to philosophy, and to philo- 
sophy alone, as he is clear about what he considers the 
Iwst lines along which philosophy innv hope to fulfil that 
task. -A review of his philosophical life-work, such as is 
here to be attempted, will, theretoie, appmpnately deal 
with two topics. (1) The fii-ht is the reconciliation of science 
and religion, the discord of which thie.itens to destroy the 
unity of our spiritual life. To effcid this rp<*onciliation 
is, for l)i. Mens, the distinctive function of philosophy. 
To the fulfilment of this task he bent his own best energies, 
and our first <luty, therefore, is to review his contributions 
to the discussion of this centra] issue. (2) And, secondly, 
we must consider the “ synoptic method by which Dr. 
Mer* seeks to harmonise the world-views of religion and 
of science, and which he also applies, incidentally, to the 
solution of a number of technical problems, such as the 
different senses of ** reality ** ; the distinctions between the 
“ inner and the “ outer ** world, and between “ mh- 
ject '' and “object"; the nature of “primordial 
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experienre ; the relation of body and mind; etc. Dr. 
Merc’s diseusaion of these will furnish our second topic. 

Throu^rhout, our review will make no pretenr^o of being 
exhaustive. Its aim is solely to focus attention upon the 
points which were most ccntial in J)r, Meis’s thought and 
also most distinctive and, in part, original. Of the (at 
least relative) novelty and originality of some of these 
points Dr. Metz was himself profoundly convinced. The 
deep and compi'ehensive studies in the history of modern 
European thought which occupied most of his life, led 
him to the conclusion that many contemporaiy thinkers 
had, under the influence of natural science, on the one 
side, and of Hegel’s dialectical method, on the other, 
turned aside from another way of philosophizing the 
inception of whit'h he traced back to Hume and Locke and 
Bacon, and to the elaboration of which he thought that 
the future belonged. 80 convinced was he of this that 
during the last months of his life be began a work, 
unfortunately cut short by death, on the theses of the 
** New ” Philosophy. It is a remarkable fact that Dr. 
Merz, whose own thought was so profoundly influenced by 
Schle»iermaoher and' Lotze, and whose knowledge of German 
philosophy was so extensive that some critics even accused 
him of having given undue space to German thinkers in 
his IJrsiory of JCuropean Thought in the XIXth Century^ 
should have found in the method of the British school, re* 
inforced by the reeources of modem introspective psycho- 
logy, the mobt hopeful method for the philosophy of the 
future. That in the evening of his life his own strength 
was unequal to the task of building up the ** new ” 
philosophy in detail, he was fully awaro. But the splendid 
opportunity which seemed to him here to lie ready to the 
hand of a younger man, was a favourite topic of conversation 
with him. On such occasions he would speak like a 
philosophical Moses, seeing from afar the promised land 
which he knew himself not to be destined to enter. 

But, before turning to the proper topics of this paper, 
it will be well to give a brief account of Dr. Mera’s 
philoHop|iical publications in their historical order. 
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I. 

The earliest work by Dr. Merz on u philosophical 
subject* was, probably, nu article in Gelser’s Protestan- 
tncht MonatMaUer (1864) on Frcmcu Bacon von 
Vornlam: JSemf SteUung m der Kulturgesrhichfe.'f From 
private papers in the possession of the Meiz-family it 
appears that this article was originally prepared tor a small 
Philosophical Society at Heidelberg, whither Dr. Merz 
had gone in 1882 for post-graduate studies in philosophy. 
The Society was composed of the Professoi-s and Lecturers 
in Philosophy and of some of the senior students, the 
leading figure being Eduaid Zeller, the well-known author 
of the Uistorg of Greek Phtlosophy. The occasion for Dr. 
Merx’s paper was the appearance of a pamphlet by the 
famous chemist, Justus von Liebig, entitled Francig BcLcon 
und die Methode der Natorwisaenschaft. Young Meic set 
himself to defend Bacon’s analysis of srdentific method 
against Liebig’s criticisms. The dis(*us8ion which followed 
revealed a marked difference of view between Zeller and 
Mera, which was intensified w’hen the latter, in accordance 
with academic custom, presented to the Philosophical 
Faculty a thesis on The Present State and laak of 
Philosophy for the venin hgenih. Under Zeller’s influence, 
the Faculty, whilst acknowledging the literary ability, 
general knowledge, and independent attitude of the writer, 
refused to acf*ept the thesis and asked, instead, for a more 
te<*hnical specimen erudition ia. This experience determined 
Dr. Merv. to leave Heidelberg and seek hia academic fortune 
in Bonn. Thei-e, not only was his thesis accepted, but he 
also obtained the venia legendf after a roflogutum with the 
Faculty on a further thesis which dealt with The RelaGon 
of Logic to the Theory of Knoiclcdje. This latter thesis, 
which does not appear to have been published, once more 
formed the basis <rf the eolloq^iinm with the Philosophical 
Faculty at Gdtiiugen, when, after a year at Bonn, Dr. 
Merx joined the circle of lecturers on, and students of, 

* Hia Dootor'a Theaia, in 1892, wm ami oonnaotad wHh tba nathagwtioal 
sndphyakNaatocUaa whicdihihdooeimiedliimaaaii uidmmdnatet fTbtrciit 
•AAdnbMT sAt$$ Pfmistn chi dm ttrtmfir/Wii pMeaHfriacAm rwdtt das 
* t Le. voL xxlv., pp 199-189. 
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philosophy which had gathered at (lottingen round Herman 
Lotxe. l)r, Mera's inaugural lecture at Bonn dealt with 
the importance of Sant’s philosophy for contemporary 
thought, and appeared, also in 18()4, in Qelzer’s ManaU-^ 
blotter under the title Cfber d^e tiedeutung der KantiMohen 
PhdoBophie fur die Gegenwart (Vol. 24, pp. 376-389). 
About the same time, the original Heidelberg thesu, or 
portions of it, appeared in the Deutsche Vterteljahfsschrift 
(Vol. XXVII., No. 106, April-Juue, 1864; pp. 38-76) under 
the title, Zur Verstdndigung uber die kulturgeschichtliche 
Steliung und Hedeutung der deutschen Philotophxe im 
Tieunzehniten JahrkundeTt, This youthful work is interesting 
because of the unmistakeable anticipations which it 
contains of some of the positions which, towards the end 
of his life, Dr. Mere developed into the programme of the 
new ” philosophy. Writing at a time when the reaction 
against Hegelian idealism in Germany was at its height, 
and when the decline and fall of all philosophy before the 
rising sun of positive science was confidently predicted, 
Dr. Mere enters the lists as an undaunted champion of 
philosophy. He agrees, indeed, that the philosophical 
constructions of the preceding age cannot stand. Kant’s 
dualism is unsatisfactory; Fichte fails to provide an 
adequate bosis for religion; Schopenhauer’s cosmic will 
is a daring but unsound hypotbeais; Hegars philosophy a 
“ konsfruierendet Srhemaiismu*.^^ Bui these, and other 
failures, leave the need for philosophy untouched. The 
abiding task of philosophy continues to confront it, and 
new sources of knowledge — the rising sciences of anthro- 
pology and ethnology, of the physiology of the senses, 
and, above all, of psychology, together with new researches 
into the history of philosophy itself — are providing fresh 
data for a fresh attempt at a philosophical synthesis. 
Moreover, such a synthesis must include, not only 
scientific and philosophical theories, but also contemporary 
movements in art, literature, morals and religion. It must 
be, in fact, a synopsis — critical in method, but positive in 
result^-of human Geistetlehen, It must be ** der alle 
Kreise des geistigen Lebens einschlieuende^ nicht ous- 
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ichl%e$smndey Kteu,*" In thia emphasis on synopis (though 
this striking term is not yet used) ; on the reconciliation of 
conflicts in the spiritual life of humanity ; on the inclusion 
of literature, art, and morals; and, especially, on the 
central importance of psychology, it is easy to discern the 
seed of which we have the flower and fruit in the matured 
conclusions of Dr. Men’s later works.* 

It IS interesting^ in this connection, to record the 
subjects of the lecture courses which Dr. Mem gave asPrttvs/- 
DocerU. At Bonn, he lectured, publicly, on The Position 
of German Philosophy during the XIXth Century,” 
and, privately, on ** The Introduction to Philosophy and 
Fhilosophioul Encyclopiedia.’’ At Gottingen, in 1866-6, 
he gave a private course on ” The History of Geiman 
Philosophy since Kant,” and a public course on what was 
to remain the central problem of his philosophical thinking, 
vis., The Kelation of Philosophy to Religion,” 

It was in 1865, too, that he read, for the first time, 
through the whole of Hume’s works, and began to project 
a work to be entitled, ” David Hume, his Philosophy, his 
Age, his Influence.” From this time, therefore, dates the 
marked influence of Hume’s thought on Dr. Mers. The 
book on Hume, however, remained unwritten, for towards 
the end of 1866 Dr. Mers decided to abandon the academic 
career, in spite of the fact that his work had begun to 
attract attention and that he was being mentioned for a 
Professorship at the University of Baael.t The reasons 
why Dr. Mem gave up a career in which he had every 

* During these yean ef study and tssohmg at Hsidslbsrg snd Boon, Dr. 
Msrs else oontnbntsd rsYisws of philosophioal bo^i to tbs Owinptr 
OtithrU Xo lesi then three sppesr in the Tolnnis for ISSi, 

in No. S s review of R. Sohellwisn, 8ti% imif B^wunl^tin ; hi No. 90 anm of 
Hir Jsmes Msokintosh, A DimrMim <m (Ae Pvegrtm (uf Mhkal Pkiiviopkf 
dwing the SevenUadh and JBightuuth CenferMS (ttdrd edition) ; n 
No. 49 one of Dean MeneeVs Meiap^maf or th$ Phitcaophp ^CmeeioMUWt 
PhenomatuU and Jind* In 186^ whilst etill e student at Heldelben, 1^« 
Min pnhliriied n review ef /««u PkOoaopkUddr KaektoMM m tiie 

TkaotigMU Stadiaa %md Kriiihea ron Utkmann and BothB. 

t The friend who urged Dr. Men to beoome n osndidnte for the Chair of 
Philoeophy at Beael was tlM well-known Olsssioaleoholar, Pk^mhot trledrlsli 
W. Ritsohl, then at Leipaig, whose friendship Dr. Mere bad gained at Donu. 
It IS interesting to note that it was on Biteohrs reconunendation that, two 
yean later (19ft), Mecbdoh Niehnohe was appohdisdtoi^ Chair ol Clsssinst 
^^iilologjr at lOsssl. 
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pro6pec*t of achieving distinciion, were, partly, that an iU*- 
neBs in 1866 had left, oh an after-result, a weakness of the 
throat which would have proved a serious handicap in lec- 
turing to large classes, and, secondly, that he felt himself 
to be too young and immature lor writing a magnum^ opvs, 
such as was expected from a candidate for a professorial 
chair. Hence, he decided to avail himself of an opportunity 
which presented itself to him at that time, tor returning 
to the land of his birth, and to devote his high scientific 
training to the development of the chemical and electrical 
industries which weie then being inaugmilted in this 
country. However, in the midst of his activities as 
industrial organiser and administrator, he kept alive his 
interest in, and love for, philosophy. When, in 1877, 
Edward Caiid’s first book on Kant, A Critical Account of 
the Philosophy of Kant^ appeared, Dr. Mens contributed a 
review-article on it to Mttcmdlan* $ Magazine (Yol* xxxviii, 
May, 1878, pp. 67-80). The scholarly competence of this 
article drew attention to his qualifications as an expert on 
Herman philosophy and le^to his being asked to contribute 
the article on Lotze to the Ninth Edition of the 
Encyclopo'dia Britanica (188JD. With small additions 
(mainly bibliographical) this ariiele has kept its place in 
all subsequent editions of the Encyclopccdta* An even 
more significant recognition of Dr. Mers’s philosophical 
scholarship was his inclusion among the select group of 
contributors to Blackwood's Philosophical Classics, His 
volume on Leibniz in that series appeared in 1884, and 
lie merit is sufficiently attested by the fact that a German 
translation of it was published within two yean (1886). 

By this time, Dr. Mem had achieved a leading position 
for himself in the building up and organising both of 
chemical and of electrical works in the North of England. 
Some of these, like the NewcasUe Electric Supply Co., 
have under his guidance grown to be among the largest 
undertakings of their kind in this country. Yet, in spite 
of the fact that he was thus spending what most men would 

* An article cm Tjotse for Mind vm plumed about tbla thne, bat 
appamntly never Sniaheci for publication. 
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regard aa the normal workingr honxB of the day in tke 
application of hia acientihc training and his organiaing 
ability to the creation of indiiatrial works on a large scale, 
he conceived, early in the 'eighties, the plan of writing a 
Aistofy of European Thought in the XIXth Cwtury, After 
fourteen years of preparatory reading, covering the scientific 
and philosophical literature of England, Germany and 
France, the first volume of this monumental work appeared 
m 189U, and was followed by the second in 1903, the third 
in 1912, and the lust in 1914.* The tame of Dr. Merx will 
always rest securely on the solid worth of this magnum opm 
which is equally distinguished by the range and accuracy 
of its learning, the lucidity of its style, and the sanity of 
its judgments. It is u work the writing of which demanded 
unusual qualifications, such as were, perhaps, possessed by 
none of his contemporaries in quite the same measure. 
For, apart fiom the (Command of three languages, this 
history requiretl an eiiual masteiy of the thought and 
terminology of mathematics, of all tlie main natural sciences 
from physics and astronomy to geology, and of philosophy. 
Moreover, in its original conception, the history was to 
have had a fifth and u sixth volume dealing with the 
mo\ements of thought in poetical and reUgioua ’literature — 
thus realising the plan of a complete synopsis of the 
Gtitiifnleben of the XIXth century foreshadowed in Dr. 
Mens’s youthful diMertation. We, of a lesser and laxier 
generation, may well be awed by the reminder that the 
preparatory studies for, and the composition of, the Ht$fory 
were accomplished by Dr. Mera mainly in the early 
morning hours between 6 and 8, before his day’s work 
as manager and director of industrial concerns began. His 
method was to write out a draft of each chapter in a clear, 
neat hand, the few corrections showing how thoroughly the 
material had been mastered and the ailment thought out 
before pen was put to paper. Subsequently, the whole 
draft was carefully revised, and this was the occ4Uiion for 
the insertion of the many long footnotes, which bring the 

* The first volmne mohad • Booond sdHIcm in 1908 and a third in 1907. 
Tha Meoiid TohuM rea o hsd » weooad edilkm In 1912. 
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references to the relevant literature up-to-date^ and display 
the vast storea of km^wledge out of which the History was 
written. The work at once, and deeervedly, took a high 
place in the o]>iiuoid ol m 110101*9, ior it appeals equally to 
the specialist interested in the history of his own special 
branch of knowledge, and to the student desiring to suivey 
the whole stieum of human thought in the XIXth century. 

Yet it is curious to reflect that tliis magnum opus^ 
conceived on a scale which, even aftei 32 years, compelled 
the author to leave it unfinished, wus, aitei all, to himself 
meiely a preliminary “ preparation ’’ for the mam aim of 
all his philosophical endeavouis, vis., a cleai'er definition 
of his own position. Dr. Meis set himself to master the 
thought of a centuiy than which none has been licher in 
manifold literary, scientific, and philosophical achieve- 
ments, in order that fiom this ample soil, thus amply tilled, 
he might draw the harvest of his own philosophical con* 
elusions. Or, to change the metaphor, he deliberately 
exposed himself to all the winds of the intellectual heaven, 
deteimined to use them all in steeling the barque of his 
own speculation into a safe port. Ami^g his papeis, after 
his death, weie found MSS. on The Relation of Goethe to 
the Thought of the Century^ on Goethe anti Wordsworth^ 
on Matihrw Arnold^ and fragments of an essay on Samuel 
Taylor Coleridge — no doubt, studies pieliminary to the last 
two volumeb which remained unwritten It is well to 
remind ourselves ot theUe, lest we forget that the Jlistory^ 
as it stands, by no means reflects all the influences which 
helped to shape Di Merx’s final conclusions And the 
reminder may help us, too, to appreciate something of the 
tragedy — the common human tragedy of disproportion 
between plan and execution, high aim and human limita- 
tion — ^which lies in the fart that a work planned as a 
prelipiinary absorbed in the end Dr. Merz’s ^st vears and 
energies, and thus robbed him and us of that full develop- 
ment of his philosophical position to the statement of which 
it was to have led up. TTiis reflection, of course, detracts 
in no way from the abiding value of the achievement which 
the History represents. On the contrary, it is by the 
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Hutory more than by anything else which he has written 
that Dr Men will live, as he desei ves to live, in the minds 
of future generations of thinkers But, his own early and 
endunng hope and ambition, undoubtedly, ^as to bung all 
hiB historical studies to fruition in a positive philosophical 
synopsis Instead, Hehyion and Saente A Pkilosophtodl 
Estay (1915) and A Fragment on the Human Mtnd (1919) 
contain all that he livec) to develop of his own philosophical 
theories, and he himself was fully aware — as, indeed, the 
ierm “ fiagment ” induates — of the inevitable incomplete- 
ness of these statements of his views What we get in these 
two books, aie, so to speak, sketches of the edifice to be 
built, together with suggestions foi a method of building 
it and Htones to be used, heie and theie by the builders 
We certainly do not get the completed edifice itself Never- 
theless any review of Dr Mer/’s philosophical woik must 
be based mainly on these two books, supplemented by the 
Inlroduetiom to Vols I and III of the Htdory and also by 
its concluding chapters (Vol , tbs XI and XII) 

We oae it, too, to Di Meif’s memoiy to lecoid in this 
retrospect the wavs m which he helped to fostei interest in 
philosophy in Newcastle, and the (ontiibutions which he 
made to our own Duiham University Philosophical Society 
Both in the autumn of 1882 and in the wintei of 1894/5 he 
gave at the Newcastle Liteiary and Philosophical Society 
a oouise of Sjt Introductory Lei fur es to the Study of 
Mental Phr1o$ophy — the only occasions 1 believe, on 
which, notwithstanding the second adjective m its title, 
the Lit and Phil has had a couise of lectures in 
philosophy, certainly the onlv occasion on which such a 
course has been given by a member of its own Committee 
To the Philosophical Societv he read, on Maich 4th, 1897, 
\ paper on Educhtton and InntrucUon tn England and 
ibrooiJ^ which was subsequently printed in the Journal 
of the Univeisitv And after the Society had begun to 
publish Proceedings of its own, he read to it three papers, 
entitled The Development of Mathematics tn the XlJtik 
Cent (Proi , Vol ii , Pt 3 , 1903) , On a General TenAoney 
of Thought during the Second Half of the XIXth Cent, 
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{ihid.^ Yol, iii«, Pt, 5; 1910), and On the Synopiie A$peet 
of Secdity {7buL^ Yol. v., Pi. 1 ; 1913). These papers, too, 
have been consulted in writing the following review. 


II. 

We turn, then, to our first topic — Dr. Men’s conception 
of philosophy as the mediator between science and religion. 

In the Preface to the Fragment (p. vii.) Dr. Mere 
explicitly declares the reconciliation of Science and 
Religion to be, for him, the main pioblem of philosophy. 
To the answer to this problem he had already devoted the 
essay entitled Rehgion atul Science, and there can be no 
doubt that this problem was to him personally of funda- 
mental concern. A Christian by sincere conviction, and, 
at the same time, a lifelong student of the themies and 
methods of modem sidence, he looked to philosophy to 
bridge for him, and for all others similarly bniught up 
in two distinct traditions, the gap, and, indeed the conflict, 
between the two world-views. ** To harmonise the essential 
truths of the Christian religion * . . with the imfetteied 
progress of free inquiry ” ; to ** effect a reconciliation* 
between . . . the region of methodieal thought on the one 
side, and the region of personal eonvfotions on the other ” ; 
or, in language bori'owed from Lotse, ** to show how the 
world of values finds its realisation in the world of things ” 
— these are some of the varied formula in which he sets 
forth the mediating function of philosophy. Again, with 
an e(*ho of the language of his youthful dissertation, we 
read of philosophy as “ the endeavour to impart unity and 
consistency to the scattered thoughts of general culture.” 
The unification of knowledge and thought ” and the 
** formation of a reasoned creed ” are'to be its goal. In 
this conception of the task of philosophy Dr, 'Mers reveals 
his critical independence of the spirit of an age in which 
Agnosticism and Materialism were in fashion, and in which 
the theory of evolution had kindled anew the confiiot 
between scientific theory and biblical cosmogony. And 

hA ahaws himsAlf . also, tha trna disGinla o# of arh/nti 
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he say* in hie Hutory (Vol. iv., p. 666) : ** We can 
reoo^ise in liotze's system the only adequate attempt to 
give the rationale oi eoientific thought on the one hand, 
and of religious thought on the othei, and to bring the 
two aspects togethei into some intelligible scheme or 
foimula.*' That Di. Meia should have found in other 
contemporary thinkers fiom whose views he differed widely, 
such as Hex belt Spencer and Auguste Comte, a similar 
demand for a reconciliation of science and religion, cannot 
have failed to confiim him in a view to which, anyhow, 
he must have been diiven by personal experience of their 
conflict in his own life and thought, and in the lives and 
thoughts of educated men all aiound him. 

In his last utterance on this subject, in the Fragment 
(p. 24«3), he even defines the task of philosophy as a 
threefold one. It has not only “ to unify thought as 
displayed in the thiee independent regions of Science, 
Art, and Morality,” and, secondly, to demonstrate the 
possibility of lleligion,” but it has also, thirdly, ** to 
afford such a view of the world and life as will support 
the moral stiucture of society.'' The new note which Dr. 
Mem here strikes, redects, we can hardly doubt, the 
impression (which gained upon him duiing his later years) 
of a profound moinl unsettlement in the world aiound him. 
The stability of the established older, social and economic, 
rests on loval and contented acceptance by the average 
citisen of his station and its duties. He regaided the spirit 
of discontent as the enemy of the spirit of duty, and I 
believe that at the bottom of his heait he looked upon 
most of the social and economic unrest of our days as due, 
not so much to faults of the established order, as to the 
false moral values pursued by our generation. A philoso* 
pher mav be forgiven for doubting whether the appeal of 
philosophy can ever leach the mass of men or move them 
so deeply as to remedy a spiritual discontent so wide-spread 
OS that of our times. He is likely to feel even more 
impotent in the storm of conflicting human passions than 
does Mr. H. O. Wells's bishop (rf. The Sovl of a Buhapy 
though the latter has the whole prestige and organisation 
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of the Church on hie side. If organiBatious <(o powerful as 
the Chriatian Churches prove incompetent to bring indus- 
tiial peace^ or to atop a wot^ld-war, or even to pui an end 
to aasuasinution in Ireland, what can philosophy and 
philosophera achieve? Yet, at iiines, Dr. Men seems 
to have ciedited philosophy with this supieme power of 
bringing about the moral regeneiation of mankind. Theie 
is, at least, one passage in the Fragment (p. 237) in which 
the task of defining the moral foundations on which human 
relations are to be oiganized is assigned by him to religion 
" for the earlier stages of civilisation and to philosophy 
** in more advanced societies." Most probably this passage 
reflectft the rare (^mbination within himself ot philosopher 
and industrial organirer. At any rate, Dr. Mere cannot 
be accused of having had a low opinion of the responsi- 
bilities and opportunities erf a philosopher. 

I^et us, however, return from this extension of the task 
of philosophy to the moial sphere, to the tasks originally 
assigned to it, viz., the ** unification " of thought and, 
more particularly, the ** reconciliation of religion and 
science. 

It will help us to appreciate Dr. Ifers’s own treatment 
of these two tasks, if we begin by considering for ourselves 
what aie the diffeient ways in which unification ” and 
reconciliation/^ as applied to different thought-systems, 
may be understood. 

Dr. Merz himself, in speaking of Comte {History, Yol. 
iv,, p. 686), observes that Comte^s ** unity is essentially 
that of harmony; it is not a unity of thought or method, 
it is one of tactics or organiiatiou." There are, then, 
several ways of unifying — indeed, there are, perhaps, even 
more ways than are here enumerated. Which of all these 
will supply the unification of which we are in search? 

Let us consider. 

(a) We have one type of unification when phenomena 
widely diverse in their prtwm facie character are brought 
under a common concept or law, as when-^to use a familiar 
example frpm the Logic text-books — the breathing of 
animals and the rusting of iron are recognised as being 
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phenomena of (omhantion no lees than the bnrning of a 
log in the giate Other mstanoes of this type of unification 
we may find, if TactiupH Loeh ih tight in the application 
of the Rosi oe-Bunsen Jaw of photo-chcmu il leactions to 
hehotiopir annimls, oi it Ffeutl m right in the new 
iwycho-analytic conceptH which enable ub to refer 
expenencefl so diverse as dreams and the countless slips 
and misfits of our eveiyday behaviour to the same mental 
mechanisms oi, it Einstein is light in the way in which 
the tbeoiy of relativity accounts equally for facts which 
pioved obstacles to the Newtonian theoiv and foi the facts 
which fit well with thit theory Tlie distinct i\e chaiacter 
of this type of unification cleatly consists in the extension 
of a known law or concept to a fiesh group of phenomena, 
or, else, in the tiaming of a new law or concept bringing 
togethei and leducing to oidei facts hitherto scatteied, 
isolated, chaotic 

(&) A second type of unificution may be illustiated by 
the woik of modem ** logisticiins ** or “ mathematical 
logicians/’ I e , by such analyses is those by which the 
syllogism of traditional Foimal Ijogic has been genei allied 
and shown to be but a special case of a more general cal- 
culus, and those by which the inatbematicians’ concepts of 
space and number have been bioken up into their ultimate 
logical constituents, until a new liogir has emerged which 
IS the common foundation both of Mathematic g and of what 
hitherto has gone by the name of Foimal Logic, and in 
terms of the indefinablee of which all the cmicepts can he 
“ constiucted " which mathematic lan oi logician may need 
(c/ Whitehead and Hussell, Printtpxa Mathematica) The 
distinctive characteiistic of this type of unification is 
analytic reduction of complex concepts to simple and 
indefinable concepts, and, by a leveise process, deductive 
oonstruction of complex concepts out of simple onea 
Whether this ideal of construction can be earned so far as to 
embrace the conoepts, not only of mathematics, but also of 
the empinoal sciences, may justly be doubted But there 
are thinkeie who dream of an ultimate unification of all 
sciences in the sense of such an analytic reduction of the 
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concepts of all higher sciences (c.p., biology) to those of 
lower, i.e., foundational, sciences (c.p., chemistry and 
physics), and of these again to the concepts of sciences still 
moi'c fundamental (c.//., mathematics), until the Imse of 
the whole structure is reaihed in pure IjOgi**. 

(c) Of both the previous types we may fairly say, in 
Dr. Mers’s words, that they are types of unification “ of 
thought or method.'’ But it is far from clear whether 
this description would apply to a kind of unification of 
which seveiul varieties may bo found in pbilosophioal 
literature. Does Schopenhauer's Will, for example, 
provide a genuine unification, oi Von HaHmann’s 
TTnoonsoious, or Bergson's /*lan vital? Or Herbert Spencer's 
Unknown and Unknowable Absolute P Supei-ficially these 
examples may seem to exhibit some likeness to our type 
(a) ; they bring all things under heaven and on earth under 
a single concept. But there is a profound difference from 
the scientific type of unification (<i). For, a scientific 
concept or law expresses a correlation of observable 
phenomena, and it does so, if all possible, in a «iuantita- 
tively determinate formula*,^ ^liese philosophical concepts, 
on the other hand, seek "to name the reality which lies 
** behind " the phenomena. Hence, they presuppose a 
distinction I>etween the appearance of things to an ** out- 
ward " observer and their “ inner ” nature,* nnd generally 
they find the clue to the “ inner " nature of the cosmos, 
to the^ reality behind all phenomena, in the “ inner " 
nature of man himself, as revealed through introspection, 
intuition, or self-consciousness. 

(d) Another type of philosophical unification may be 
taken as represented by Hegel's Ijogik and MoTaggart's 
recent The Natvre of tjnstevee. Hegel believed that by 

* The laagnege in whioh tfaie dietinetion ie ezprewed may very from one 
philoeopher to onotlieT. A typiesl modorn fon&aU it Beraeon'e in the 
opening eentenoee ol hi« tfUrodueiion to Mttapkjftie*. There are, he leySt 
'Hwo profoundly different wnyt of knowing % thing. The first implies that 
we move round the object; the teoond that we enter into it. The fijst 
depends on the point of view at whioh we are placed and on the iwmteb by 
whieh we exprew oumelves. The leoond neHnw depends on a pout of vipir 
nor relies on any symbol. The first kind of knowleage may be said to stof 
at the rdaUv$; the eeoond, in thoee esses where it is poesiole, to sttala w 
o&spfafs" (p. 1). 
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a purely logical development he oonld build up the aystmu 
of oonoepte (“ categories ”) from Pure Being at one end 
to Abeolute Spirit at liie other. This ayetem he regards as 
embodied in Nature and in History, in Science, Art, 
Morality and Religion. For him philosophy meant 
“ phenomenology ” — very literally a “ theory of pheno- 
mena,” but of phenomena as appearances of Absolute 
Spirit, each different kind of appearance having its 
determinate place in the hierarchy traced by his dialectical 
method. This kind of unification Dr. Mere, whilst paying 
an eloquent tribute to Hegel’s genius (“ we are compelled 
to regard Hegel’s philosophy as one of the greatest, if not 
the greatest, intellectual performance of the century ” — 
Hutor^, Vol. iv., p, 662), emphatically rejects. He quotes 
with approval Bradley’s scathing criticism of the ” blood- 
less ballet of categories,” and elsewhere he speaks of 
Hegelian idealists as ” evaporating all religious truth into 
mere abstract notions such as the Absolute” {Fragment, 
p. ix). In fact, friends and critics alike are agreed that 
Hegel’s system, as it stauds, is, in Dr. Mers’s words, a 
” gigantic failure,” however important may have been the 
impulse which it communicated to subsequent philosophical 
(bought. Even McTaggart, the foremost exiMiunder of 
Hegel in England at the present daj, holds that the cate- 
gories do not, in fact, stand to each other in the relations 
required by the dialectical method. Whether McTaggart’s 
own attempt to do Hegel’s work over again in a fresh way 
will fare any better, remains to be seen. The final 
judgment on this point cannot be spoken until the second 
volume of his Nature of E.nstrnce has appeared, in which 
we are promised the application of the a priori conclusions 
of the first volumS concerning the structure of the universe 
to the empirical world as we actually find it.* 

(e) Lastly, the type of minimum unification may be 
found in all Aose theoriea which *' reconcile ” science and 

* VellSggBtt'i pwfBMtft goal (• to mUMt tbs enlWM to es as, ia ttS 
ohimata ohanMitar, a aooiaty of spirits. The attaiaasant of thia gwt wfil 
certafafy iBToIva a aoaeslliag of tba dUhcaiMaa wbioh wa ofdiiiarily laaagaW 
tftwasB VaMar, Ufa and Utad. snob aa dapaita widaly f|paa tha meiatanaass 
thess dlatlaetioBs is Hagel'a otdarad phae oa iiwlogy. 

19 
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rdigion merely in the eenee of ahowin^ that we need tiiem 
both because both are srrounded in human expexionoe; 
that they can co-exist without mutual oontradietion or 
conflict ; and that religion may even be regarded ae supple- 
mentinff and completing the soientiflo view of the universe. 
The model for this type of unifioation may be found in 
Kant’s aocotmt of the relation of “ pure ” to “ practical ” 
reason, i.e., oi the relation of the determinism of soimoe, 
based on the concept of causal necessity, to the freedom of 
the will which is the postulate of morality. We may, 
perhaps, paraphrase Kant’s position by saying that both 
science and morality are undeniable facts in our lives; 
that we must, therefore, hold fast to the fundamental 
principles of both ; and that we can do so without contra- 
dicting ourselves if only we keep the scientific and the moral 
points of view completely distinct. On the other hand, 
Kant acknowledged himself unable to find any positive 
relation between these two points of view, and thus insisted 
upon the inoomprehensibilify of their co-ezistence. Not 
a very satisfactory solution, it will be admitted. For, 
dodging a contradiction is not exactly effecting a recon- 
ciliation. Tt is a little like ending the incompatibility of 
husband and wife by a divorce which makes them live 
apart and cut each other dead for the future. Yet the tactics 
of avoiding a rontradiction hy making a distinction an 
sound in principle. Hence, Lotse nnewed the attempt by 
introducing a distinction between the world of things ” or 
" facte ” and the world of " values,” and he sought to make 
his reconciliation more positive than Kant’s by showing that 
the world of values is realised, or is in process of being 
realised , in the world of facts. This method of unification 
is, clearly, of tlie sort called by Dr. Men a unity of 
” harmony ” or ” organisation,” vis., » harmony effected 
by insisting upon a fundamental distinction between two 
points of view which, else, wonld be deadly rivals. Lotae’s 
fekjlfnl use of the metiiod has been of very oonsidetnble 
inflnence on subeequent thought. It has supplied tiie 
philosophical baaif for the whole school of thedogy of tHuith 
Ritsehl was tonnder. It ha# found exparanicQ i» ^ 
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dutmetxon between Naturwt^»en$ehaft and OnMte$m$Mm- 
iehaft which, under the leadership of Bickert, le being 
elaborated by an important school of German thrnken 
Tn yet another direction it hae given nee to the study of 
value-judgments, both in their psychological constitution 
and ongin, and as supplying the bases for economics, 
testhetios, ethics, and the philosophy of religion In fact, 
Werttheone derives its ongin from the pioblem which 
Lotse put when he distinguidied between fact and value 
A closely allied way of harmonising apparent incompatibles 
by a distinction is to connect science with mtdleel or thought, 
and religion with fethng or tmetMn, and to say that, since 
both intellect and feeling are founded in human nature, 
both have their rights We have as much nght to judge 
the universe by the feelings which it evohes in us as by 
the way in which it presents itself to the dispassionate 
gase of the intellect To omit the feeling-side of our 
nntuie would be to omit so to speak, one half of the 
available evidence 

Dr Men’s reconciliation of religion ind science is 
without doubt of this last type and follows in its general 
character, the Lotsean model Hie statements of it contain 
explicit refmences both to the disiinoti<m of fact and value 
and to that of intellect and feeling But it is equally 
important to point out that Dr Mere introduces from other y 
sources a number of fresh considerations which, in effect, 
make hu position, not a mere restatement of that of Lotre, 
but a distinctive and in some ways original oontnbutioii 
to the philosophical discussion of the problem 

The argument has two sides The first is negative it 
coDsuts of a philosophical criticism of natural science, 
directed towards showing that soience doee not use the 
whole of our experience in the oonstruotion of its world- 
view and IS, BO far, deficient The aeoond side is positiye 
it seeks to lay bare the peyihological roots of both soisnoc 
and religion, and thus to exhibit them both ae natuml altd 
inevitable growths in the human mmd And, further, it 
seeks to Aow that, precisely m virtue of its psyohokgioal 
roots, rsligioa both supplements and embraces soience 
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Dr. Meni'6 criticism of science may be summed up 
under the following four heads: — 

1. Science “ abstracts”: ” it rests . . . ujiou a i«ooess 
of selection, and in fact of very narrow selection, within 
the whole field of consciousness with its manifold 
experiences ” {Rd. <md Set., p. 88). It is just because 
science does not cover the whole of experience that there 
is room for religion. Moreover, r^igion does not simply 
stand alongside of science — ns it were, parallel and inde- 
pendent. No, if science abstracts and selects, there is room 
for a synoptic, inclusive point of view, and such, precisely, 
is the point of view of religion. ** The real nature of 
things as distinguished from that imaginary or abstract 
feature which we, in scientific research, substitute for it, 
reveals itself to us only if we look at it ns a whole . . .” 
(tbid., p, 103). 

2. Science ” dissects ” : its method is first analytic and 
then synthetic Religion gathers into itself the whole of 
our experience: its method is ” synoptic ” — ” seeing things 
together.” 

8. Science seeks ” descriptions ” and eschews “ inters 
pretations.” Otherwise put, it deals with ” things ” and 
ignores ” values.” Religion is our response, in worship 
and adoiation, to the supreme values which a spiritual 
interpretation discerns in the world. 

4. Science “ depersonalises.” Religion, at its best, is 
communion with a personal Gk>d. 

These four criticisrot of science may he condensed into 
one. They are all variations on the single theme that 
science is ” abstract.” What exactly does the term 
” abstract ” mean sriien applied to science? The answor, 
as it may be found in Dr. Men’s pages, is onmnlative. 
It cannot be given, so to speak, on a single plane. On the 
lowest plane, or in the most general sense, science is abstract 
because the ^Mts with which it deals — we may sum them 
up in soms such blanket-term as ’’physical natore,” or 
the ” external swwld,” or the ” material seorld ” — are 
treated in isolation from the context of experience in whidi 
they actually occur, or, to put it differently, in abstraction 
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from all Uiat is "subjective," snob as tbs feeUngn and 
interests tbey arouse, the activities to which they give 
rise, etc. Nature, as Professor A. N. Whitehead has 
neatly put it, is " closed to mind." Thus, in restricting 
itself to the " external " world, physical science leaves 
aude the whole " inner " woild. It deals with " bodies," 
not with "minds." At any rate, there is a steady and 
powerful pull throughout all branches of natural science 
towards the methods and theoiies of mathematical physics. 
Hence — and here we shift to another plane of argument — 
science tends to deal even with the " external " world of 
nature, not as a whole oi in all its aspects, but by preferring 
those portions or aspects of it which lend themsdives to 
description in terms of classical Newtonian physics, t.e., 
" in terms of Time (flowing in measurable lapses) and of 
Space (timeless, void of activity, euclidean), and of 
Material in Space (such ns matter, ether, or electricity)."* 
Such a description fits inanimate bodies well enough, but 
hardly does justice to living, and still less to conscious, 
bodies. Certainly, the expression of minds through bodies 
the manifestations of feeling, thought and will where they 
occur, must needs be ignored by natural science. They 
call for interpretation, not for description. They do not 
lend themselves to mathematical treatment. They fsU 
outside the framework of the concepiU of physios and 
chemistry. Thus science has no room for the chief inter* 
pretative concepts of purpose and personality, either in ihe 
human spheie, or as applied to nature as a whole. And a 
further point on which Dr. Men, following heie Wilhelm 
Wundt, is fond of dwelling is the contrast between the 
" growth of mental energy " and the " degradation (or 
•dissipation) of physical energy." Whereas the motions due 
to pulrely physical energ}* tend towards an equilibrium 
indistinguishable from absolute reet and death, the history 
of civilisation exhibits the cumulative creativeness of mind. 
** He great architectural structures to be found in ancient 
and modem countries, the collections of books, the galleries 

* Quoted hom A. N. Whitehead, Tht PHneiphi Natmal Kn cw i ti fu ^ 
ptft 1. "Ths IhwUtlon d Sokaoe." oh. 1.. p. 1. 
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of paintingf and sculpture, the academies of leaining, the 
houses of wofrahip, the songs of the peojde, and the suUime 
oieations of musical composers, testify to the existence of 
a world which is quite distinct from the amount of material 
or physical energy which has been used and expended in 
its creation ” {Fragment, p. 192). This is the World of 
Values ” which is a creation of mind (tbid., p. 280) and 
to which mind is constantly adding by its creative activity. 
Thus, Dr. Mere might dmost have accepted Bergson’s 
formula that the concepts ni science fit “ matter ” and 
enable us to control it for our practical needs, but that 
they cannot deal with the creative flan vital which uses the 
human mind as the spearpoint of its advance. In all these 
several ways, then, science omits, selects, and thus 
“ narrows the vision.” Yet “ e\en the student of pure 
science has always to turn again from his rigid calculation 
and measuremeht to the broad view of actual life: he has 
to take in at a glance the world as it is before he dissects 
it; he has to recognise that no analysis and subsequent 
synthesis exhausts the nature of any visible or tangible 
thing, that the eniemble is more than the sum of its parts ” 
(Fragment, p. 196). 

In this way Dr. Mem appeals to the critical reflection 
of the philosopher whom we must suppose to be larking, 
though often severely repressed, in the bosom of every 
scientist. ITor should the point of these criticisms of 
science be misunderstood. Their aim, clearly, is not to 
discredit science as science, but to point out that, from the 
nature of its methods. It cannot be all-inclusive : it cannot 
deal with the world of our experience as a whole. If these 
criticisms seem pointless and irrelevant to any scientist, 
let him bear in mind that they are not the criticisms qf 
an outsider: they are not inspired by siweet ignorance of, 
or unfamiliarity with, soientiflc ways of working and 
thinking. Ho, it is precisely the fact that Dr. Mem was 
originally trained as a physicist and chemist and that he 
spent his praotioal life in the application of science to 
industry, which gives to his oriticisme a serious claim upon 
the attention of all scientists who are at all interested in. the 
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pmblfiBi of the scope and the limitatioiis of toienoe. Mok*>> 
oyer, the argument, so far, required that we ehoold single 
ont Dr. Men’s criticisms of science. But thie does not do 
justice to the whole of his view. On the contrary, his 
writings are full of aoknowledgments of the value of 
science, both in its logical achieveanmiiB as theory and 
in its practical applications. The first two volumes of his 
Hutary are in themselves a monument to the soientifio 
spirit which he throughout acknowledges and acclaims as 
one of the most important and beneficient forces in the 
XlXth century. And to the careful and sympathotio 
analysis of soientifio method he devotes, not only the 
section on ** Science ” in Rehgton and Science, but also 
a special chapter (oh. x.) of the Fragment. Thus, it is in 
no spirit of hostility to science that Dr. Mers emphasues 
the inherent limitations of its outlook and method. It 
would be truer to say that he dwells on these limitations 
just because he was so keenly aware from his own 
experience of the spell which science can exercise over the 
mind, both by its practical contiibutions to human 
welfare and by its f^ination as theory. Its discoveries 
arouse our curiosity and stimulate our imagination. The 
rigour and precision of its mathematical methods appeal 
to our intellects. Alike its theories and its practical apidi- 
cations give us an almost intoxicating sense of power. 
When the spell of science is upon us, we are apt to forget 
its limitations and need to be reminded of them. Lihe 
Kant, Dr. Mers appeals to have felt that he had to point 
out the limitatiooas of science in order to make room for 
religion, meaning by ** religion,” as defined in Reltgiom 
and Science (p. 2), ” such convictions as refer to our 1^^ 
«in relation to our Destiny as human beings.” 

The argument, then, is so far of the fa mili a r 
harmony by way of distinction between religion and 
science, by way of bringing out the distinotiTe point 
of view and method of each. 

But, as we said <sbove, this is only one half of ]^. 
Mers's case. The other half, which it his speoiid ooBt^ 
bution to the whole discussion, consists in trasing hollk 
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Bounce and religion to their roots in the human mind hy^ 
a payohologioal argument which is at onoe introspaetive 
and genetic. It is, I think, for this combination of the 
introspective with the genetic methods that he would have 
claimed such relative originality as his view possesses. It 
seemed to him that the larger resources of modem psycho- 
logy, especially as applied to the study of the develoinueut 
of the human mind from the first dawn of consciousness 
in the infant to the adult's full participation in the world, 
made possible a fiesh and more fruitful use of the 
“ introepertive method," which he regarded aai the most 
valuable contribution of the English school (Locke, Hiume, 
Mill) to philosophy. Thus Dr. Merz’s last word on the 
reconciliation of science and religion consists in showing 
us how they both develop in the human mind by differentia- 
tion from each other out of their common basis in what he 
calls the “ primary," or " primordial," level of conscious- 
ness. In describing this level of consciousness with which 
all experience begins, he availed himself of James Ward's 
concept of an everchanging continuum of presentations " 
and of William James’s very similar concept of a " stream 
of consciousness." But he did not adopt these concepts 
without modification. He points out that the fiow of 
thought, however undifferentiated it may be in the begin- 
ning, soon " seems to eddy round and encircle definite 
objects " {Religion and Science, p. 21), which recur again 
and again in perception and memory, which keep their 
identity throughout the changes which they undergo' or 
the varying aspects they present, which come to have a fixed 
position in time and space relatively to other objeets. 
Inasmuch as these objects thus stand out from the gsnetal 
background of consciousness, like stars against the expanse 
of the night-sky, Dr. Mere loved to speak, in a string 
simile, of the '* firmament of thought." It is with this 
concept of a firmament of thought that his synoptic method 
is especially connected. For, he holds that soienoe arises 
through pushing further the abstraction >and, as it were, 
ttolation of the outstanding objects from the heohg wind, 
4«^ning them more precisely, determining their ralatloiM 
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to eooh other in apace and time, formulating lawa of oaiMW 
and efleot for their ohangea. Tet, on the other hand, theM 
aame objeote remain ateeped and immoraed m tiie whole 
oentext of experience from which aoience abatracte them. 
Thej evoke feelings, interests, austivities which science 
ignores. It is the function of the aiynoptio method to 
reatore the context destroyed by abstraction, and religion, 
more particularly, is the response of our whole minds to 
the whole of reality. For, religion, juat because it is 
synoptic, means “ being absorbed in, and at one with, 
the whole *' {Fragment, p. 58). 

But, if we have followed Dr. Mers so tar, a formidable 
problem is still left over and must now be confronted. 

l^e problem may be put thus. Even sympathetic 
readers and critics will probably agree with me when I 
venture to say that Dr. Here's argument is more convincing 
on its negative than on its positive side. It is not difficult 
to go with Dr. Mers when he points out the limitations of 
science. Even a devoted student of science, it seems to 
me, will not, if he at all reflects critically on the methods 
and assumptions of science, deny these limitations. 
Indeed, he has no reason to deny them. For, to point 
out these limitations is not to depreciate the value of 
science: on the contrary, the limitations of science are 
acknowledged to be also the conditions of its success. The 
argument is not that science is a failure in what it attempts 
by its methods: the argument is that there is something 
more in human experience which science does not, and 
with its methods cannot, attempt to deal with. And so 
there is, again, not much difficulty in agrreeing with Dr. 
Hers that the sense of this something “ more ” which is 
brought home to us by our experience as a whole, is the 
root of religiou'^using the word in a very general srasa. 
The difficulty, it appears to me, begins when we come to 
define positivdy what this religion is which is thus to be 
reconciled with science. Granted that Dr. Men has sue* 
oessfully answered his own question : '* How is Beligioiv 
possible P " {Fragmmt, p. iz.), it is hhrd not to feel that 
the fttH task of reconciliation is incomplete, unless we om 
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shown also what are the positive doctrines of this religion 
which is to be compatible with science. If a “ reasoned 
creed ” is the goal of our quest, what precisely are its 
articles P In one passage, as we saw. Dr. Men speaks o| 
the unification ot scientific thought with “ Ohristifn 
truths.” But what, precisely, are the essential Christian 
truths, and how far can they be established by an 
introspective and genetic study of the development of 
individual minds in social intercourse with each otherP 
Considering that Di. Meis wrote the essay on Rdxgion 
and Stnewe with the explicit purpose of helping “ thought- 
ful ” members of the younger generation *' who feel 
themselves soie perplexed by the contradictions which 
apparently exist between the dicta of science and the tenets 
of the religious creeds, who are not prepared to sacrifice 
the truth of either, but who find it qxtiemely difficult to 
reconcile them ” (p. 4), I, for one, cannot but feel some 
regret that Dr. Mere did not dwell on the positive side of 
his argument with greater fullness and detail. Thus, «.y., 
a great many persons who review their religious beliefs in 
the light of their scientific knowledge, find themselves 
unable to accept, as historical facts, such things as the 
virgin-birth, the resuirection, and the ascension to ^i)pven. 
For, if they were to accept them, they wqul^^toi^ e.g., 
to believe, with the Itev. Father R. A. Sitfitt, uuit at the 
ascension the total weight of the earth was actually 
diminished by the amount of the weight of Christ's body. 
And, in general, scientifically-trained minds bave diffl- 
oulties with all the miraculous stories in the New 
Testament, or, if they cease to have difficulties, it is 
precisely sp far as these stories can be matched, like ^e 
healing miracles, by the faith-healings of pur own days, 
kt.e., precisely so far as the miracles of the Bible cease to 
be ” unique ” and ” without parallel,” and promise, b7 
assimilation to phenomena which we can observe aad 
experimentally repeat, to come within the range of scientific 
explanation. Tet it is by these two marks that Dr. ICera 
defines a miracle; it must be ** incompreh^sible */ 1 ^ 4 it 
must be exceptional ** {Ral. and Set., p. i88). 
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then, taking *' nuracle ” m tiiia aenae, wkat argaaiant 
doM Dr. Hera offer to reconoile acceptance of miraolaa 
with our aoientiAo knowledge P The anawer u that aoienoe 
abatraota from the “ personal ” element in experience, 
that the manifestations of personality, even of merely 
human personality, aie largely indefinable and incalculable 
by the methods of science, and that, therefore, if the 
personal element be admitted, the mystenona and miraou- 
Iona cannot be excluded (Set. and Se%., pp. 188-191). I 
must frankly confess that this argument leaves me 
unoonvinoed. My difficulty is not so much that so general 
a defencei of miracles — a defence of miracles as, in ^n- 
oiple, possible and to be expected — Isaves the report of 
any given miracle still open to doubt For, this is merely 
to say that the argument, from admittmg the pnnciple, 
would now have to shift to the credibility of our histonoal 
record for each separate miracle reported. It certainly 
would not do from the premiss that the manifestations of 
personality are incalculable to mfer that, e.p., the virgin- 
birth is a fact. No, my real difficulty with the argument 
IB that the sense in which the actions of persons are for 
Boience incalculable and unpredictable is not a sense which 
covers such a miracle as the feeding of the 6,000 or the 
ascension. The muacles of personality of which Dr. Hers 
IS really thinking consist in the creativeness of human 
minds, as exhibited, e.p., in the composition of a symphony 
or the writing of a poem. Agam, we may, if we like, call 
it a “ miracle ” when men rise in a crisis to unexpected 
moral heights, or display their inventiveness and originali^ 
m solving practical problems. It is easy to grant that 
science — and especially physical science— cannot explain 
these things. But they are not, therefore, strictly either 
*' incomprehensible ** or *' without parallel.” In fact, 
in the sense in which Dr. Hers defends miracles, every 
manifestation of mind, however normal or familiar, is 
miraculous. But the sense of miracle ^ich ereatas 
difflcnlties for scientifically-minded people is ^ sense ‘nf 
miracle as a unique historical event due to the exc^ttioial 
intemosition of Ood. 
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• Indeed, reviewing the whole argument, we can hardly 
regard it as insignifloant that Dr. Mere does not disooss^ 
or even mention, any single one of the miracles in the 
BiUefStory. He makes no attempt to show how he would 
apply to them his principle that belief in the miraculous 
is implied in belief in a personal God. The conclusion 
is almost inevitable that, whilst belief in God was the very 
centre of hia thought-world, the particular miradies of the 
Bible-story play a wholly negligible part m the evidence 
on which he, personally, based his belief. 

This is in keeping, too, with his use of the term 
** revelation,” By ” revelation ” Dr. Merz means, quite 
deliberately, not special, miraculous communications from 
God on certain historical occasions, but the constant and 
continuous manifestation of spiritual reality through 
sensuous form. Thus, it is ” revelation ” when we first 
learn to interpret the behaviour of human bodies ” as 
expiessing the feelings and thoughts of other ** persons ” 
towards us. It is “revelation ” when we interpret “ our 
ever-recurring feeling of dependence with its characteristic 
sphere of emotions, the foremost of which are fear, 
reverence, and love ” {ReL and Soi., p. 190), as the working 
upon us of a “ Highest Spiritual Power.” It is “ revela- 
tion ” wheoi we trace in the course of Histoiy the gradual 
ascent of humanity to higher moral standards and a fuller 
knowledge of God. 

Apart from miracle and revelation, there are two 
theological topics which Dr. Mer* briefly discusses in 
Reliyum and Science. The first is the way in which we 
come to believe in a personal God. The second is con- 
cerned with our conceiving this personal God as both 
immanent and transcendent. 

The aiguments on these two topics are closely connected 
together, and may be summarised as follows: — 

The first objects which come to stand out definitely 'in 
the firmament of thought ” are persons, bodies to 
which we attribute the same sort of “ inner life ** as we 
are aware of^in ourselves when, synoptically, we take in 
the whole of our firmament of Ihought. Te recur, by SFUoh 
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syaoptie reflection, from a definite object to tbe whole 
firmament of thonght, is to make ounelTes aware that 
what we mean by the attribute of personality is an “ all* 
embracinff someihing*.” It eignifiee, as Dr. Mem boldly 
puts it, completeness, in fact the All *’ (p. 171). Yet 
we are conscious, at the same time, of the incompleteness 
and fragmentariness of our own personalities. Thus we 
are led to think of the universe, which confronts ns and 
which yet also includes us as parts, as the manifestation 
of a much more comprehensive personality than we 
experience in ourselves. Thus “ personality,” as it is the 
first thing we learn to distinguish, so it is also the last) and 
highest term we can use in the attempt to make intelligible 
to ourselves our ” feeling of dependence,” our sense of the 
” spiritual pressure ” (p. 176) upon ns of a Oieater-than* 
ourselves, of which we are members even whilst, as greater, 
it is beyond ns, absorbing our incompleteness into its 
perfection. 

” And I smiled to think Qod’s greatness 
Flowed around our incompleteness, 

Round our restlessness his rest.” 

The experience here poetically rendered becomes, trans* 
lated into the technical language of theology, the doctrine 
of God as at once immanent and transcendent, a spirit 
working at once within us and beyond us. 

When we turn to the Fragment, these theological 
problems drop into the background, and, instead, the 
treatment of rdigion is dominated by emphasis on the 
moral law, conceived as grounded in the Will of Ok>d. 
Indeed, it seems to me that in the chapters on ** Philosophy 
and Rdigion ” and on ” Revelation ” in the Fragments 
fchs. XV, xvi). Dr. Mere has succeeded better than 
anywhere else in laying bare the ultimate rpots of his faith. 
The greatest spiritual need of man, so I would paraphrase 
and summariee his thought, is a rule of conduct based <m 
a view of the totality of things, of “ reali^,” M 
Divine. The stability of social life rests on the individuat's 
loyalty to moral ideals, and if he is to trust these ideals 
and to be faithful to tltm even when such loyalty demands' 
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«ffort and sacrifice, he must lock upon them as expranion* 
of the Will of Qod, and ui>on. Qod aa the ultimate reality. 
The task of fdiilosophy, in furnishing a '* reasoned creed,'* 
is to exhibit this dependence of the social order on morality 
and of morality on leligion, and, further, to justify (if 
I may call it so) rebgion by showing how it is rooted in 
human experience and is our response to the recognition 
of the spiritual character of reality. But a new, and most 
important, note creeps into the argument Not only must 
our approach to religion be synopiir,* hut we must always 
remember that the condition for understanding religion 
is to be religious. This, I must warn my readers, ii my 
own way of putting the new and marked emphasis in this 
last of Dr. Mers’s works on “ lixing faith ” and direct 
" personal experience ” of religion and of the truth of the 
religions interpretation of the world " The fact that 
Humanity has received what professes to be a highest and 
unalterable rule of life and a name for the highest Reality, 
both being identified in the Christian conception of Lore, 
is a fact which must be contemplated as a whole, and, as 
such accepted in faith or rejected. There is for those 
who accept this Revelation only one other proof possible, 
and that is their own experience of the workiiiM of this 
faith in their own lives and in those of their Mlow-men. 
No philosophical reasonings, no historical criticisms avail 
either to generate or to destroy this faith — it stands and 
remains as a fact by itself with no parallel in the wh^e 
range of other experience " {Fragment, pp. 292-8). There 
are passages in which Dr. Mera expresses this very sound 
point by saying that '* no logical proof is possible " of the 
Obristian view of life (p. 269), that it cannot even be 
understood *' by purely logical forms of thought " (p. 880), 
nay even that it is " irrational " and *' only to be seen or 
experienced " (p. 288). What an apparent paradox, if 
ire take these phrases literally, that the quest for a reassntd 
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oreed axud a nniflcation of all thought and knowledge dionld 
culminate in proclaiming religion to be both irrakonal 
and the highest thing in life Of couree, all depends here 
on the reatiiciive meaning to be attached to terms like 
“ pure logic ” and “ reaoon ” Thought or reason can 
“ prove " nothing without a “ matter ” or “ content " 
which experience only can supply Or, to put this quite 
bluntly and simply We must have tomethtng to think 
vnih, else oui thinking is empty and our terms are meaning- 
less We shall labour m vain to prove by pure logic to a 
person congenitally blind the difference between green 
and red, or to get him merely to understand what we mean 
by the terms “ green " and “ red ** Lacking normal sight, 
the words green, “ led ** *' colour ’ are simply sounds 
to him But, gnen sight the terms have a meaning and 
can be used in intelligent and intelligible, leasoning 
we now have something to think with J/uAotts mutandu, 
this IS, it seems to me what Dr Mere is here saying about 
religion You cannot “ prove ” religion to a person who 
has not the kind of first-hand experience of or acquaintance 
with, religion which we call quite simply " being 
i^igious ” In the absence of it the very term “ religion ” 
has hardly any meaning for such a one, unless the meaning 
be derived from, and restricted to what an observer oan 
perceive of the outward words and bearing of religious 
people But that is certainly to miss the inner spirit 
Hence, religion is not so much irrational, as that it can 
be reasoned about only by, and between, those who, being 
religious, know what they are talking about This U, I 
think, the real importance of Dr Men's emphasis on 
" experience " as against " purely logical " proof 

To sum up Dr Men's attitude towards this whole 
problem of science and religion is, I believe, best described 
in the familiar words, fidet quaront tntdiectum '* faith 
seeking understanding," or, more clearly still, "faith 
seeking to understand itself ” It is not that understanding 
mfist oOme first, and faith follow Faith comes flift, 
standing sscnrs on its own foundations, and the funotion ol 
" understanding," or philosophy, is to raise this unmedinte 
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and spontaneous security to the level of reflective, self* 
conscious assurance. I am unable, therefore, to agree with 
Dr. Jevons when, in his most interesting paper on A 
Synoptic Philosophy,”* he criticises Dr. Mers for having 
treated the religious world-view merely as an hypotheni 
which requires intellectual justiflcation and proof, and 
then goes on, rightly enough, to urge the profound differ- 
ence between the assurance of faith and the tentativeness of 
an hypothesis. There are, no doubt, passages, especially in 
the Hutory^ which, whilst hardly going so far as to treat 
religious belief as an hypothesis, n^ay yet be read as making 
acceptance or rejection of religion wait upon the issue of 
a philosophical argument. But the Fragment^ I submit, 
puts Dr. Mets^s real position beyond all doubt. Dr. Mers 
does not ask, Is religion possible? ” He asks: How 
is religion jmssibleP” He accepts religion as a fact, and 
a Mcenary fact, and his concern is only to exhibit that 
necessity, to understand ” it, bv tracing it to its roots 
in human experience. We must always bear in mind that 
the audience to whom Dr, Hers addresses his argument is 
one ready to accept science a« certain but inclined to treat 
religion as doubtful. Of his own life and thought, on the 
other hand, religion was undoubtedly the foundation. 
Hence, all his philosophy is, at bottom, lidtu quoerfni 
inidleetmh. 


III. 


In dealing witK Dr. Men’s contribution to the recon- 
ciliation of religion and science we have, inevitably, 
touched already on some of the technical problems which 
are to form the topic of the second part of this review of 
his philosophical work. 

^ 1. There is, first of all. Dr. Men’s synopeie method, 

whioh }B the apprehension of wholes at whoUt^ in their 
iota] effect : a vue d^entemhfe for which no scientiflo analysis, 
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followed hy aynthesie affoi de an adequate subetitute , wkudi 
u akin to the artist s vision and which is the very essence 
of the philosopher s contemplation ot all time and all 
existence Ihe term aynoptu in tact la borrowed 
from Plato and thus helps ti remind us that the method 
18 as old almost as philosophv itself It is kuidred to 
Anstolle s vovf to Spino/a a setetUta tfUuttwa to Kant’s 
reason which reachea out be von 1 the unendinsr senes of 
phenomena towards the all inclusive whole It links Dr 
Meift too in spirit with Hegol Itaiber than describe in 
inadequate words of my oy^n whit s^nopsib means to Dr 
Merc I will quote one of many passages fiom his writings 
The real nature of a fat t is only levealed thtough a 
comprehensive gl^ince which gathers up all the single 
features and all the many instances which form ihe 
substance of manifold ai 1 ften lepeated expenences 
into a collective view which in some indescribable 
manner conveys to us someil mg deeper and more 
responsive than any or all the single features added 
together In this way for instance the minute 

study of a work cf art may all cf a sudden brighten 
into a real undei standing of it and admiiation rise to 
rapture and enthusiasm so also the *\cquaintanc 2 e with a 
fellow being mav aftei frequent intercourse ripen into 
friendship and the pleasure of repeated meeting and 
conversation buiat into love We feel instinctively that 
the refined and spiritual expc riences do not belong to objects 
or persons in their purely spatial existence but form a 
world foi tbemsehes in the same way as in the pnrelv 
intellectual region numbers mathematical formulie and 
logical conceptions form realities b'v themselves ’ (Frag^ 
mmt pp 184 5) Synoptic power likewise seemed to him 
to distinguish the minds of men eminent as organisers m 
practical affsirs In practice at m theory synopsis brings 
order out of chaos precisely because it sees ihutgs 
togather I find this expressed among the fragments of 
the Now Philosophv which Dr Merr dictated donag 
the last winter of his life Synoptic minds^ he there sayl, 
“ with the whole and no* only with a restneted portion 

li 
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of homan experience. They do not, aa a rule, discover or 
invent new things, but they add to the existing experience 
of themselves and others a new feature. This new feature 
is Order, a process of extensive grouping. They take 
synoptic views, discarding the analytical and criticising 
method. Their aim is construction, arrangement, and 
control. They are stmok by the fact that the contents of 
the human mind as given by nature are chaotic, as are 
likewise the unregulated occupations of practical life.”* 
It is, dearly, the synoptic quality of the artist's vision 
which led Dr. Mens to affirm, again and again, that “ art 
stands in closer relation to Nature than science does,” that 
it comes “ nearer to the real essence of things, to the kernel 
of reality ” (c/. Frag., p. 224, and Rel. and Set., p. 139). 

2. The most remarkable feature, however, of Dr. Men’s 
use of the synoptic method is his identification of it with 
the introsnective and genetic methods of pychnlogy.t The 
concept of ” primordial consciousness ” as a eonttnuum of 
presentations is put forward by him as a lesult of synopsis 
on the twofold giound (a) that, in recognising the 
'* together ” or f* itream '* of sensations, modern psycho* 
logy has abandoned Hume’s analytic method which, on 
the analogy of physical atoms, had broken up conscious* 
ness into a " bundle ” of unrelated, atomic sensations, 
and (b) that it includes in the rontinnum emotional and 
volitional as well as sensational elements. He acclaims 
the <^ecovery of this primordial consciousness as ” one of 
the principal results of philosophical research ” {Ral. and 
Sot,, p. 79), and in the Hutory he speaks of the tntro$pee- 
Uvo method as affording the most hopeful prospect of 
carrying out the unification of thought which is the task of 
philosophy (p. 773). This is explained later (pp. 784*6) as 
meaning that, by using the introspective method genetically 
(as Loc^e and Hume had done) we can trace how each 
mind, beginning with the undifferentiated oontinmim of 
sensations and feelings, learns, largely with the help of 

* lor sa osrlitr ttatenont of thia point, mo EUUtty, vol. It., pp 7754, 

t Of. "TUo loekiiw st wholM is our montnl atSHodo wImb wo take tht 
tstroql^ive view” (ffitlofp, vol. Iv., p. 777). « 
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other minds (throuj^h language, imitation, etc.), to 
construct th^ outer World of Things/* and, subse- 
quently, “ through the co-operation and successive labours 
of the more highly gifted minds, the World of Values, of 
Truth, Beauty and Goodness.** 

I must frankly confess that the transitions of thought 
in Dr. Mere’s argument here have always proved to me 
somewhat baffling. I can understand the sense in which 
Dr. Mers contrasts Ward’s continuum of sensations, 
feelings, and strivings, as ** synoptic,” with Hume’s mere 
bundle of sensations and images, as “ analytic.” But, in 
other passages, Dr. Merz himself describes this primordial 
continuum as a “ chaos ” — he quotes and adopts William 
James’s famous description of it us ” one great, blooming, 
buzzing confusion ” {Rel, and Sn,, p. 63) — whereas 
synopsis reveals, or cieates, ordered, organized wholes. 
Thus, the Uttnsition is by no means clear, and, if we are 
not to say that Dr. Merz uses synopsis ” here in different 
senses, we mxist ot least say that the synoptic method is 
exceedingly many-sided, and that in different contexts Dr. 
Merz uses different sides of it. Certainly hynopsis requires 
in one context the inclusion of all experiences in one 
view (as against abstracting selection) ; in another context 
it requires aliveness to i elutions and connections (as against 
dissection and separation); in a third, it finds, or makes, 
order and builds up wholes out of chaotic material; in a 
fourth, it is the flash of insight which reveals the single, 
total meaning of what was up to then a dead mass of 
details. Perhaps the combination of all these things, and 
more, in the single notion of synopsis is itself an instance 
of synopsis of the highest order. 

However this may be, Dr. Merz is right in the impor- 
tance which he ascribes, alike for psychology and for 
philosophy, to the concept of primordial consciousness.” 
It is, I am sure, not merely fanciful to affirm a certain 
affinity between his thought and that of a contemporeh37 
who is justly acknowledged to be the greatest meta- 
physician among recent English thinkers. Mr. E. H. 
Bradley’s concept of ** immediate experience ** is identical 
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with Dr. Men’s concept of ** primordial consekniBneM.*' 
For Mr. Bradley, as for Dr. Men, the undifferentiated 
“ Together ” of immediate experience ia broken up by 
thought, with its “ ideal constructions ” of “ things,'* 
'‘self,’’ “other,” “body,” “soul,” “outer” and 
“ inner ” world, etc. Mr. Bradley's world of ideal 
constructions reposing upon the background of immediate 
experience is, thus, the analogon of Dr. Men's firma- 
ment of thought,” with its definite objects standing out 
from an undifferentiated background. And when Mr. 
Bradley declares that the highest form of experience most 
combine the order and oiganixation of thought with the 
immediate wholeness of feeling, he links the lowest and 
the highest levels of experience much as Dr. Mers makes 
the span of synopsis cover the introspective awareness of 
the primordial continuum with the insight which enables 
artist and philosopher to grasp a whole as a whole “ at a 
glance.” 

3. This parallel is the more remarkable berause there 
is no evidence that pr. Mers, though acquainted, of course, 
with Mr. Bradley^s writings, was diiectly influenced by 
them. More probably such likeness as there is must be 
traced to the influence of the psychology of their time 
upon both. In any case, it is certain that, beyond this 
general resemblance, Mt. Bradley and Dr. Mers diverge 
widely in their method and views, and that Dr. Mers 
looked to Locke and Hume, not to any contemporary, as 
his masters in method. 

The particular feature of Hume’s method which seemed 
to him valuable was the technique of tracing every abstract 
term back to its foundations in concrete experience. Take 
such philosophical terms as substance, cause, subject, 
object, self, not-self, matter, mind, etc. if they have 
any meaning, it must be in virtue of some actual element, 
or elements, in experience which they express. As Hume 
puis it: every “ idea ” must have its origrinal in some 
“ impressioB ” or else be meaningless. Dr. Msru 
generalises this method by asking: — ^What is it in eur 
experience that a given term means or exprsssssf To this 
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qnMtion» ao ha held, the answer can be given only 1^ going 
back to primordial couscioasness as the starting-point, and 
then tracing, genetically, how with the development o{ that 
oonsoioasnesa into awareness of, and response to, an articu- 
late world the meanings arise which these terms fix and 
express In this light, we can best understand the central 
position which he assigns to the concept of primordial 
oonaciousness (or firmament of thought ”) as well as to 
the genetic foim of the intiospective method Of the 
primordial consciousness he bids us think as, initially, 
wholly undifieientiated, as all “ on the same plane,” as 
it were It is a stieam of sensations, feelings, impulses 
m which, at the veiy fiist no definite, self-identical objects 
stand out, no terms and lelations, no subject verttu object, 
no matter vertut mmd The initial plane of oonBCioTieaeaB 
18, as we might say, ” neutral to these and all other 
distinctions Distinctions and, through them, order and 
organisation, come with the development of our minds 
as they accumulate experiences, until the mature mind 
lives on seveial planes of consciousness at once, or, as Dr 
Meis came to express it in the fragment, recognises 
difterent *' ordeis and ‘ degiees of reality 

There is no need to tiace Di Meis’s handkng of this 
general type of argument into all its details It will 
suffice to illustrate it by its application to the origin of 

(a) the various meanings of ‘ reality ” and ” existence * , 

(b) the distinction between the *' innei * and the “ outer ” 
world, including the incidental distinction between mmd 
and body , (r) the distinction between ” self ” smd ” noi- 
lelf ” 

One general observation roust be made about all the 
arguments from which our lUustrationB are to be drawn 
As they stand m the pages of Dr Mers's writings, they all 
unmistakaMy exhibit that fiagmentannees and lac^ of 
finality the reaeons for which have been mdicated earlier 
m dlls paper The general drift of the argtiment it always 
dear, hnt there are a good many diferenoee, amounting 
oocMUMudly to inoonaistenoies, b^ween different passages, 
both u ieminology and m doetnne Every one of out 
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tbi^ topics has been discussed in several, more or less 
widely scatteied, passages m Di. Men's books, and when 
these passages are brought together, they frequently strike 
the reader as so many independent attempts to wrestle with 
their problems. Points mentioned in one passage are 
ignored in anothei oi state«l with diffeient emphasis and in 
different language. It is as if Dr. Merz, not having 
attained finality in his \jew8, had nevei been able to express 
his wholt mind on any of the thi^ee pxoblems at any one 
time. Thus his whole mind has to be collected from all 
the passages together by a sympathetic and synoptic study. 
1 feel Slue that this is the spiiit in which Dr, Mens would 
himself have wisheil his anruments to be tieated. Hence, t 
shall not dwell on such diserepancnes m detoil as there may 
be, but try, os far as I can, to retonstruct his whole 
thought at its best. 

4. We begin, then, with (a) the various meanings of 
** reality and ** existence.*' 

The fundamental pnnciple from which Dr. Mere starts 
is thus fotrmulated in the Fragment (p. 39) ; — 

“ All knowledge, of whatever kind it may be, is 
contained for every individual person within the range of 
his own consciousness. The horizon of any person’s mind 
contains everything that exists so far as he is concerned. 
There is nothing in the world for any of us hut that which 
we in some way or othjer mentally experience— such 
experience being of various kinds, eueh as Sensations, 
Perceptions, Ideas, Emotions, Derires, Volitions or Feelings 
m general.” 

This doctrine, at the first blush, may seem simple and 
plausible, but it is neither simple nor plausible without the 
most careful interpretation. A Bmlist, for example, 
might urge that it commits Dr, Mens to Berkeley’s view 
that eiis peroipi (to exist is to be experienced), and that, 
consequently, nothing exists except when and so long ae it 
is “ contained within someone’s consciousness.” I do not 
think this is what Dr. Mens means, nor have I found any 
passage in his writdngs (thougii tiiere are some inoautiotts 
phrases) which demands the Berkeleian, and excludes every 
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other, inteipretatioa. I would urge that the emphaaie in 
Or. Mem’a doctrine falls on the words for me, for any of 
us. To say tliat if a thing is to exist for me ” it must 
appear within the horuson of my consciousness, means 
meioly that 1 mmwt know of its existence, or that T 
have no tmdmce tor its existence, unless it so appeal's. It 
does not mean, that the thing cannot exist without being 
perceived. In short, 1 read Dr. Mens as defining, not what 
existence consists in, but what evidence for existence 
oonsishk in In technical language, I treat his doctrine os 
epistemological, not as ontological. 

Further, a thing can be ** for me” or contained in 
my consciousness ” in more ways than one. I may, e.p., 
either permve it by my senses, in which case we are wont 
to say that the thing ** itself ** is present,’^ or I may 
ihtnk of it, as when I think of an event which is past and 
can no longer be perceiveil or of an event which is future 
and still remains to be petrceived. Tlius, we must distinguish 
between two soits of ‘‘transcendence/' There is trans- 
cendence oi perception, vis., by thought, as when we 
think, and believe in the existence, of things not now 
perceived, and perhaps by their very nature not X’exceptible 
{e.ff,, the minds of others). And there is also transcendence 
of ail experience, t.e., of both perception and thought. 
The foimer sort of transcendence Dr. Mere recognises and 
includes in his doctrine (cf. IM. and Sn.^ pp 81, 2). 
The latter kind of transcendence is self-contradictory, at 
least if it means that there are, i.e., that we know theire 
are, things which we have never perceived or thought of, 
of the existence of which we have no evidence whatever. 
It is, of course, quite a different matter, once we have 
had evidence of the existence of a thing, thereafter to think 
of it as one that exists even at times when we do not 
perceive or think of it. These points having been cleared 
up, we must next note that “ existence ” is ambiguous. 
Fundamentally, according to Dr. Men, it means presence, 
or occurrence, as an experience within the total ** fitnm** 
ment of thought/' In this most general sense, the objseto 
of normal perception and thought and the objects of dthams. 
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illuaionfl and hallucinatioiiB all alike “ exist ” or are real.* 
Tkeie it no diBiinciion, &o far, between objects which are 

private and objects which are public,” i.e., common 
to several observers, 02 between objects whiok are in an 
eminent sense ‘‘real,*’ and objects which axe unreal” 
and which exist, as we popularly say, ” only in our minds ” 
or ” only as ideas.” 

The ” real world,” par excellence, of oidinnry practical 
life and of science, as distin^rui^hed from the world of 
dream, fiction, make-lieheve, insane delusion, etc., arises 
by a diftereutiation within the held of piimary existenoe 
which is co-extensive vith the field of primary conscions* 
ness. Thus, we have two “ orders,” 01 ” levels ” of 
reality, of which the second is a development by selection 
of certain elements of the first. Dr« Mere sometimes also 
speaks of the second as an objectification ” {Rel. ^md 
iSct., p. 28), or ** projection ” (/'Vrtf/., p. 90), of a portion 
of the first, but these terms have hig’hly niisleadinpr associa- 
tions. The two important things to remember are (a) 
that the secondary, or higher, reality — ^which we may also 
call the ” external ” and even the ” physical ” world- 
remains rooted in the “ primary ” leality which remains 
always Hcceseible to a synoptic view, undoing the abstrao* 
tion, involved in the selection ; and (b) that oil phrases like 
” acquiring objectivity merely mean that the objects of 
o^rtain groups of exiieriences are treated by us as ” real,” 
not merely in the sense of ” existing for us,” i.c., of being 
perceived, but in a spernal further sense. 

This further sense is defined bv the criteria which we 
apply in making the distinction. In his earlier statements 
Dr. Mere dwells chiefly on the criterion of ” publicity ” 
(as we may call it).t An object which is real in 
eminent sense is one common, actually or potentially, to a 
multitude of percipients. Tf the perceptions of others 
eorroborate mine, then the object I perceive is ” real ” in 

* Dr, Hm most oommooly uses "being rear* and "oxlstilig**ss 
wpKamoffoB terms. Sxistenoe m this fondamMiUl sense has, of eo w s s i ae 
bsosUts. Ws oannot say of anything m oonsoiottsoess that it does aoi 
SQWt (yVtWNMSlf p. 00). 

t n. t«Fm t. oot Dr. Merf’.. WlMt I. hm oUM » ’’pabU.** «l|Mk 
t. d> wri b. d by Dr, Mara m “oominna** to • pfausUty ol oh.ir?»w. 
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this eminent aense. In the Fragmeml (p. 122) the liat of 
onterin has grown to four: (1) publicity; (2) deflnitoieat 
or individuality ; (3) position m space ;* (4) memberahip of 
an ordered universe. In the MSS. of the “ New Philo* 
aophy,” a somewhat different liat of five oriteiia ia given 
in the foUowmg order: (!) recurrence in experience, 
permitting recognition; (2) dehniteneM. ; (3) detachment; 
(4) publicity ; (5) membership of an ordered sysitem. Very 
obviously, Dr. Men’s thinking had not reached finality 
in this point. 

The theory, moreover, proliterates in various directiona, 
tentative extensions of it occurring in several passages. 
Thus, in one passage the original two levels, or dimen- 
sions,” of leality glow into tour, by the addition of the 
world of abstract mathematical entities and natural laws, 
and of the world of artefacts, t.e., of things made for use 
or beauty (IM. and Set., p. 140). Elsewhere, there is a 
sketch of an “ order ” of relations, vtz., Distance, Older 
and Number (Frag., p. 123). Again, there is the world 
of values, truth, beauty, goodness and holiness, which Dr. 
Mere presents in one passage as but a special development 
of the inner world (Frag., p. 133). Yet in another passage 
he places values as the third and highest foim of existence 
on the top of the two dimensions with which we are already 
familiar. I quote : ” Existence for us has three distinct 
phases: mere Existence as a mental experience, Beality, 
as a double or more pregnant form of existence, and Value 
as the highest form of existence ” (Frag., p. 66). The 
whole of chapter vi. of the Fragment, entitled ** Of 
Reality in Oeneral,” is full of unfinished attempts or 
suggestions towards a theory of both ** degrees ** and 
” orders ” of reality, in the course of which we read that 
” the most real thing of which we have any conception 
or immediate experience is a person ” (p. 108). It is to 
be greatly regretted that Dr. Mere had to leave his 
treatment of this very important, but also intrinsioally 
very difficult, topic in a condition so fragmentary. My 

* Balidis(io(tlMBMeesofdiesm>warjdsaadSotioB.worlda,«.sp.,tbespaes 
of AUeo’s WoederlaaSt 
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own belief ie that, in trying to thread his way through the 
mase, he followed the wrong clue in that he identified the 
distinction between inner (or mental) and outer (or 
physical) with the distinction between what exists (but may 
be unreal) and what is real, and, again, with the distinotion 
between what is subjective and what is objective. Dr. 
Mere, on the whole, treats these three distinctions os co- 
incident, as merely diffenng in the tenns by which thqr 
name the same two dimensions or orders of our experience. 
There is, I believe, more to be said for the view that tliese 
distinctions do not coincide, but belong) to different contexts 
and are made on different grounds. The introspective and 
genetic approoch to these problems which Dr. Men adopts 
from psychology and handles with such skill, here prove# 
misleading in spite of its initial promise. For it makes 
Dr. Mere charactciise the primary consoiousness as 
*‘ inner,” mental,” “ subjective,” before the distinctions 
bets^een ” inner,” and ” outer,” etc., on which these terms 
depend for their very meaning, have arisen. Oorrelative 
terms, like these pairs, have meaning only in contrast with 
each other. If you take away the one, can you still signi- 
ficantly employ the other P I venture to suggest that ihe 
kind of theory at which Dr. Mers really aimed, and which 
he sought to outline in his constructive writings, has been, 
and is still being, worked out, more systematically and 
substantially, in the GegtnUandUhtorte of Meinong and 
the Phienoinenoloffie of Husserl. It is, at least, significant 
that both these thinkers, like Dr. Mers, were profoundly 
influenced at one stage of their studies by Hume, hut it is 
significant, too, that they both abandoned the psychological 
point of view and its terminology to which Dr. Mart 
pinned his hopes. I feel sure that if Dr. Men had become 
acquainted with the mature work of these thinken, he 
would have recognised, in spite of the difference of methods, 
its kinship with his own endeavours. 

6. In the course of this discussion of Dr. Man’s treat- 
ment of '* existence ” and ” reality,” we have had to touch, 
in anticipation, on a good many points! which are relerant, 
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too, fw our next topio, viz., (ft) the distinction between 
“ psychical ” and “ physical,” or “ outer ” and " inner.” 

We cannot do better than begin the discussion of this 
distinction by considering a paradox on which Dr. Men 
delighted to dwell. When we survey the panomna of the 
outer world, minds appear, here and there, as attached to 
living bodies, human and animal. Th^ are, thus, sporadic 
and, when measured by the scale of cosmic space and time, 
insignificant phenomena. ” Early instruction in childhood 
has taught us to look upon ourselves, including the whole 
ol our field of consciousness, os units among a great number 
of other poisons; upon the whole of the human rare as one 
only among the innumerable specimens of animal creation; 
and upon the whole of this as a very small portion of 
terrestrial phenomena. Still further — our planet itself is 
only one in an innumerable c rowd of other worlds, in which 
it almost disappears throngh insignificance. The whole of 
tills 18 comprised in the still more ovei whelming conception 
of immeasurable space which embraces, as it weie, every- 
thing. This process goes more and moie to convince us 
of the unimportance of experiences which belong to each 
one of us as a private possession, and forces us to assume 
that those uniformities which have been discovered in the 
all-embracing ilniverse ot apace, so fai as it is accessible to 
our observation, must be the primordial and highest laws 
of hxistence. We have thus two distinct worlds or orders 
of existence to deal with. The fimt is the entire stream of 
oonsca'ousness or the changing firmament of the soul: it 
contains, as a very small portion only, those elementary 
sensaticns of sight, touch, and sound, out of which 
common-sense builds up the external world, and science, 
with a still greater restriction of fundamental data, its 
edifice of methodical thought, its picture or model of tiie 
universe. We have, secondly, this external world in whieh 
our own person, including our entire stream of thought, 
appears as a mere epeck. And it depends upon the position 
we take up whether the first or second of these existences 
impresses us as possessed of the fuller amount of rsality- 
Each contains the other within iie oiroumferenoe, and is 
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itielf contained in the circumference oi the other.*** There 
are, thus, two contrasting points of view. From the one, 
mindb are insignificant incidents on one of the meanest of 
the planetb. From the other, all nature, from the farthest 
star to the nearest stone, is but an object selected by 
abstraction from amidst the continuous stream of 
experiences which is, for each of us, mind. 

The link between these two points of view is, for each 
of us, his body. It is one of the earliest objects to be 
biugled out from the stream of consciousness and to acquire 
** reality ** as a member of the outer world, an item in the 
spatial system of physical nature. On the other hand, 
as a cluster of sensations,” it forms a permanent, and 
more or leas prominent, ingredient in the stream of ooiu 
sciouisness. In Dr. Mers's own woids : — We see ourselves 
as it were from two sides, first, as the totality of our 
present and remembered experience; and, secondly, as a 
definite assemblage of vivid sensations, which occupy only 
a very small portion of the whole field embraced in the 
fii*8t view. Our Self is thus compounded of two selves, an 
inner and an outer self. The first is the firmament of our 
thought; the second is our body. In contrast to the latter 
we call the former our Mind, and both together our 
Personality ** (Fraffment, p. 69). 

Let not this language about ” being compounded of 
two selves,** or about mind and body ” together ’* being 
our i>ersonality, be misunderstood. It does not mean what 
is ordinarily understood by saying that man is made up of 
a mind and a body somehow conjoined. The ordinary view 
implies that mind and body are distinct and separable 
things: indeed, death is thought to be {necisely their 
separation, the breaking of the bond that holds tiiem 

* and ScttnM, jm. 105-7. Mr. T. Whittskw hu drawn my 

attontloo to a ounoos rarallil to the above argument in Sir Henry Taylors 
MW drfmids. ThUip it relating the experienoes of his phUosoiddeal 

“Latt oame the troubleeonie question, What am I f 
A blade, a seedling of thit growth of life 
Wherewith the outfide of the earth it oover*d; 

A oompreheotive atom, all the world 
In aot of thcm^t emmeiimi in the world 
A gMln eosm fflliag a parttenlar pisee." 
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together in thia earthly life. It is unified, further, that 
each can exist after this dissolntion of their ani<m, or, at 
any rate, that the soul can : indeed, the continued existence 
of the sonl (which, surely, is nothing other than what Dr. 
Mens calls ” mind ”) after its separation ftom the body 
in precisely what is ordinarily called “ immortality ’* or 
“ life after death.” To thin popular conception Dr. Mers’s 
view obviously lends no supiiort. It must, indeed, lie 
admitted that he nowhere in his published writings discusses 
death and the belief in immortality, and thus we can only 
conjecture how he would have applied hin thoonee in this 
field. That he disbelieved in immortality, we have no 
reason to suppose: in truth, such a supposition would ill 
fit his profoundly religious nature. But it is obvious, at 
any rate, that his declared theoiy of what mind and body 
are must have carried with it a conception of immortality 
widely different from the popular one. How, for example, 
should we have to interpret, on his vieW) the separation of 
mind and body at death P It can mean only the disap- 
pearance from the total consciousness of the special 
” assemblage of vivid sensations ” called the body, but 
Dr. Men’s silence gives us no help in speculating upon 
the consequences of the elimination of so central a con- 
stellaition, os it were, from the ” firmament of thought.” 
It moat, one would think, carry with it n profound 
alteration, if not a diminution, of the whole personality, 
and thus raise awkward questions of continu^ identity. 
However, it is vain to pursue these guesses, fascinating as 
th^ are. We must accept the fact that Dr. Men’s interest 
in the concepts of mind and body takes a different direction. 
He keeps strictly within the scope of introspective 
piyohology, from which the problems of death, and of the 
coatmuanee of mind after death, are inevitably exolnded. 
For, how can introspection possibly deal with death? It 
prawi^poses life and, indeed, self-copsrious life. Even if 
death be an experience, an event in the flow of conscious* 
ness, father than the final cessation, or the tonporary 
intMTaptSon., of that flow, still it ruptures communication' 
with thoae surviving ** in the flesh,” Thus, even asswinf 
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continuity of oonaciouanesa and introapection tihrougli and 
beyond death, no report of euch an experience could be 
made available for the purpose of survivinff psycbologiata.* 
Psycholo^, 08 a science, limits itself to the study of 
embodied mind by embodied mind. This limitation Ds^ 
Men, clearly, assumes and accepts. And, thus, speaking of 
mind and body as we experience them in this life and in 
this world, he denies, in the technical language of 
philosophy, that either body oi mind are “ substances.'* 
Consequently, he regards the time-honoured proUem of the 
" relation ” of body and mind — especially when conceived 
as a relation between mind as a “ spiritual ” substance 
(a res oogitans) and body as a “ material ” substance (a 
res ettensa ) — as utterly misconceived. In this he is, 
clearly, consistent with his whole position. If by " mind '* 
we mean the " changing firmament of thought ** and by 
“ body ” a certain vivid constellation within that firma- 
ment, the term “substance” is inapplicable to either. 
On this point. Dr, Mens agrees with Hume: — “ Neither 
in the shape of external matter, nor of a substantial mind, 
has the idea of substance any meaning or justification ” 
(Fragment, p. 80). And instead of the problem of the 
relation of body and mind, we have only the problem of 
the relation between the introspective, or Coptic, point 
of view through which we become aware of “ the totality 
of our conscious flow of thought or firmament of inner 
sight ” p. 80), and the external point of view 

through which our attention is focussed on the selected 
system of sensations which stands within the conscious flow 
for the common outer world, and of which the body i» a 
member. The latter point of view grows out of the former, 
and tends to absorb us in practical life. But for pbilo- 
BO^ical synopsis it is all-important to reverse this tendenoy 
and, by practising the introspective method, to realise tbe 
totality of which the outer world is but an abatnurt 
selection. 

* Thne is ao evkUooe that Dr. Mars arw draw •itbarPnohioalRMsasek 
dr SjplritnaUim into the soom of his reaMtiau, orMwthapald say aMiatto 
toMieimorto from beyond the grave which are alhfed to eonw to as tkcoagh 
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Tliere i&, however, a further aspert of the mind'body 
problem which ia forced upon ua when we reflect upon all 
that is involved for each of ua in his perception of other 
persona. With this aspect we must now deal, if our aocount 
of Dr, Men’s position is to be adequate. We know already 
that, according* to his view, the child, beginnings at the 
level o(f an undifferentiated flow of expenencea, advances to 
the recognition of n “ real ” world (distingfuiahed ftom, 
though appearing in, the flow of its expenenoes) by means of 
the perception of other ijersons and of its own body. But, 
what exactly do we peiceive of other personsP Nothing, so 
it would seem, but their bodies. Our minds aie, as such, 
private for each of uh and not directly accessible to another’s 
observation. This is, at, Dr. Men admits, the view both 
of popular thought and ot natural science (Fragment, 
p. 92). It is, too, the vieur which he adopts himself. 

Of other persons, we observe and know clearly only what 
tlioir bodies show ; although we are firmly convinced that 
these bodies represent or reveal an inner life, a flow 
ot thought, similar to our own, we know of this only 
through inference from and analogy with our own inner 
experien/'e ” (thtd., p. 86). It is not altogether consistent 
with this that, a few pages later (p. 94), Dr. Men throws 
out the fascinating, if undeveloped, suggestion of a " direct 
intercourse between the inner worlds ” and declares that 
such “ truly intersubjective or spiritual communion 
becomes more plausible if we abandon a<t unlikely the idea 
that the minds of individual persons are located .*ind 
confined within their bodily framework, and are limited 
to communications through it.” However, what does it 
matter if there is an inconsistency hereP Such inconsis* 
tenciee are, as we have reminded ourselves at the ontasi, 
to be expected in the statement of philoeophical views 
which had, confessedly, to be left incomplete and 
fragmentary. We should, in the circmnstances, rather 
admire Dr. Hera for the open-mindedness with which he 
accepts and emphasises a line ot thought at variance with 
other poeitiona already adopted by himself. Not to commit 
oneself inwoeahly to a view which ie, perhaps, narrow 
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and manaqoute, and then to be blind to anyihmg whioli 
mitfbt contradict that view, but to be always on the vtatoh 
for fresh oonsiderationB and ready to receive and incor^ 
porate them — this, surely, is the ttuly synoptic temper. 
Hence, it would be absurd if we were to emphasiie the 
inconsistency and, over it, forget to consider whether the 
suggestion here thrown out by Dr. Men is not, perhapsj 
of the utmost value. To me, at any rate, it seems to be 
most im])ortant, and 1 cannot but think that Dr. Mmu 
himself would have found the means of carrying it further, 
had he been acquainted with the later work of Meinong 
and Husserl. For, the line of thought which leads Dr. Men 
to his suggestion of a direct intercourse of mind with mind 
starts from the part which “ imitation ** plays in the 
development of the child’s mind, and, more particularly, 
from the way in which we understand the speech and the 
expressive gestures of others. If communiOation by 
language enrirhes and develops a mind, it is not because 
that mind infers, by analogy, that the use of such>and* 
such words must signify that the other has such-and-such 
thoughts, or beliefs, but because, understanding the word#, 
it adopts their meaning as pari of wbat it thinks and 
believes itself. 

Seeing that Dr. Mere has given us little more than a 
hint, it will help us tc appreciate the importance of the 
point if W 0 develop it for ourselves. Let us begin sHtb 
speech. Speech is a kind of bodily behaviour, perceptible 
by others. We hear the sounds made, we see the movements 
of the lips and throat. So far, then, speech flts into the 
formula that the body is perceptible bj^^b^/ the mihd 
is not. Indeed, we may ignore the faqlFuai there is any 
t mind invrdved. We may listen to the sounds aa men 
sounds, or watch the movemants of the speech-organa as 
mere movements, just as we may listen to the rustling of 
leaves or watch them twinkle in a breeue. But 8|>eeoh is 
sot mere sound : it is eocpresidve sound. It is sound which 
reveals, conjeys, communicates— what f In answer, Wt 
must distinguish. The sounds wpreas (auMfedeiea) the 
■psaker^s mental processes, and they mean ( m si m d, 
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atutagen) a certain object or matter-of-fact.* Wlien A 
remarke to B that " 2 + 2=4 ” or that “ Lloyd Georgn has- 
resigned,” B may, if he chooses, infer from the words 
that A is so thinking and judging, t.e., that these thought- 
processes are going on in A's mind. That would be an 
' inference, by analogy, from praceptible hehayiour to 
imperceptible thought ; and often enough, in practical life, 
it is important that we should draw just such inferences 
from the utterances of otherR to the thoughts, beliefs, 
etc., which ore their minds. But much more commonly 
when we hear the words, our own attention will he fastened 
not on the fact that the speaker thinks what he says, but 
on the meaning and the truth of what he says. We, in 
short, vnderitand the words and accept, reject, doubt, etc., 
what they mean, without giving any thought whatever to 
the speaker’s mental iprocosaes. Indeed, when a child 
leams to speak by imitating the wpeech of its elders, the 
marvel, as Dr. Mei* points out (hr., p. 93), is how the 
imitative acquisition of a word brings with it some grasp 
of the meaning of the aord, aithout any awareness, on 
the child’s part, of either its own or the speaker’s mental 
processes. This would seem to be at least part of whst 
l)r. Mers is thinking of a hen he speaks of a ” direct inter- 
course between inner worids.” The speaker’s attention ^ 
concentrated on what he is thinking and saying, not on the 
fact of his thinking as a process in his mind ; and, similarly 
the hearer is occupied arith the meaning of the words he 
hears and, once again, not with either the speaker’s or his 
own mental processes. The inner world* meet, so to say, 
through their content : communication of mind with mind 
means that one mind, by words or other signs, stimnlates 
another mind to i>eroeive, think, etc., the same objects,, 
propositionB, etc., which it perceives and thinks itself. 
Thongh peioeptible signs and perceptible bodily b^aviour 

* Steietly, this statement U too eimple. It fit* only M se rt nry lentenoM 
which state ' ' jndgmenta. ' ' It would here to he quelifled tor centenoMeonvey • 
mg wlcto, oommimda, etc. But these refinemeote era not aeeeeeaiv tor oar 
praemt p n r p oee. Of, my neper, A PUa far a PUnomMuton «f Mtaming, 
fa IVoMNUiipf c/ Ike dloeie^, vol. xxi , IMD-ai , «M the UtoietaN 

thendfacniKd, 
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are inyolved, it is difficult to maintain that the hearer'a 
ondentanding of the words iuTolTes an inference by analogy 
to the speaker’s mind. In. that sense, therefore, the inter- 
course is “ direct.” 

The arg^ument may be pushed further still. Consider 
the original recogfnition of persons. The child, surely, feels 
and responds to the mother’s love without first going 
through a process of analogical reasoning to the effect that 
such-and-such smiles, gestures, behaviour must mean 
feelings of affection and joy in the mother, because similar 
smiles, etc., on the child’s own pait would mean feelings 
of affection in himself. The very suggestion is absurd. 
The theory of EinfUhlung (” empathy ”), especially in the 
form which Professor S. Alexander has given to it,* apjiean 
to supply a more fitting onnlyus of this kind of intercourse, 
which, once more, would clearly be an example of direct 
intercourse ” in Dr. Merz’s sense, except that in this case 
the communication is one of feelings, not of facts to be 
believed. 

In fact, the omission of an explicit theory of the way 
in which mind enprettet itself through body and bodily 
signs constitntes a genuine lacuna in Dr. Men’s orgnment, 
which in certain passages almost cries out for completion 
by just such a theory. There are passages in which Dr. 
Men seems to stand on the very threshold of a theory of 
ezpreseion, and leaves us wondering why he did not take 
the one step more which is needed to give unity to his 
whole argument. Thus, in Rdigion and Seienee, we read 
that the body, or physical self, ” forms a hind of link 
between what we ordinarily oonsider to be entirely outside 
or entirely inside ” (p. 130). The Frofpwient^s moreocplicii 
still ” From our point of view the body is only, and at 
best, a point or region of refertnetf where, in some way 
whidh we cannot picture to ourselves, the two worlds meet: 
a point of trantitUm through which the inner self 
eomtmmieatee with the outer, and vioe verta. All analogies 
taken eijbher from the inner firmament to explain the outer, 

* 9m Mini, NJ3.. Vol. xxii. (1V18), No. 8S, pp. 14«., “OUlsslivs 
IWUtas sad Troth,” " 
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or from the outer world to ex^am the inner, are palpably 
wholly useless ”* (p 92) It is, surely, not far-fetohed to 
see in phrases like “ link,” ‘ point of reference,” ” tran- 
sition,” “ i/ommunication of inner with outer,” a tentatiTo 
gropingi towards what we have called ” expression ” For, 
it 18 to be observed that, from the strictly introspective 
point of view, all these phrases are quite meaningless 
Introspectivedy, the body is foi Dr Merr noithing* bat a 
maidiedly persistent cluster ot sensations in the stream of 
oonsoionsness Thus conceived, it is neither a “ link,” nor 
a medium of ‘ communication ” Moreover, if we apply the 
analogical argument on such an introspective basis, what 
will be the inevitable resnltP Nothing but this, that eeidi 
of us must conceive the minds and bodies of others as mtra- 
spection teaches him to conceive his own In oth«r words, I 
must conceive another’s miud, the existence of which I infer, 
as another stream of cousciousness in which the other’s body 
forms a persistent cluster of sensations, just as my body 
does in the stream of consciousness which is my mind 
But, the fatal difficulty m this account, os it stands, is 
precisely this, that the introspective concept of my mind 
as a stream of connctnusness and of my body as a group 
of sensations in th it stream supplies no bam at all for fAs 
analogiral tnftrente fiom anothei body to another mind. 
It 18 only in so far as I recognise my body as expressing 
my mind that I Otin try to interpret the bodily behaviour 
of another as expi easing the mind of that other Thus, as 
we urged above, the concept of expression is required to 
bndge the gap between the introspei tive point of view and 
the analogical inference to the existence of other minds 
The coherence of the theory demands such a development, 
and Dr Men’s own tentative phrases indicate that he was 
conscious of the gap and sought to fill it 

And, lastly, m yet another direction would such a 
supplementation complete the coherence of Dr Men*» 
views We have already noted, at an earlier point in this 
paper, Dr Men’s emphasis on the crea^veness of mind, 
and his endonement of Wundt’s concept of the ” growrth 

* Ths ttellss (aasspl for siM wriB) la ShMS two qiNtaSioas an Bhw 



of mental energy ’’ and of Fouill^’e ooncept of tdtu-forcH 
(c/*, alsO| Fragttient^ pp. 46-9). In so far as tliis creatire- 
neee uses phybical objects and forces tor the realisation of 
values — not leaving objects as it findsi them, but remoulding 
them neater to the heart’s desire; and, again, in so far os 
this transioimation is effected by the use of our bodies, 
as physical instruments brought to bear on a physical 
world, om^ more some such concept as expression ” 
seems requited if this cieataveness is to be made compatible 
with the introspective theory of the relation of body and 
mind. I believe that l>r. Mens, had he lived to think 
out his position fully, would have developed it himself in 
fust such a direction. 

6. After all that we have said on the preceding two 
topics, we can afford to be short on the third topic, vtr., 
(e) Dr. Mere’s treatment of the distinction between self ’’ 
and “ not-self.” For, the ground covered by the argument 
bearing on this distinetiou is almost wholly identical with 
tha ground covered under the previous two heads. 

Briefly, we may say that, for Dr. Mere, the term “ self ” 
has two meanings, an introspective and a social one. These 
two meanings — or the two contexts in which these two 
meanings aie used — aiv not unconnected, but it is important 
to distinguish them because, whilst tlie one U fundamental 
and the other is deiivuCtive, yet in the course of experience 
the derivative meaning comee first, wheicas the huida- 
mental one is recognised only as the result of prolonged 
practice in introspechon. The child lenms to distinguish 
other persons long before it learns to recognise itself and 
to refer to itself by the personal pronoun I.'^ And it 
learns to recognise itself aa a body among other similar 
bodies long before it is capable of the feat of introqiection 
which reveals its own body and all other bodies as complexes 
of sensations in the firmament of thought. It is then, and 
then only, that an act of synoptic introspection the sdf 
in its fundamentiJ sense, aa one with the whole stream of 
ooneoiousness, is apprehended, llienoeforth, ''the word 
Self acqniras and retains two different meanings; the first 
being that small portion of the external world whkik If 
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composed by oar own pbyaioal frame; the secotid being 
that original, all-comprehensive stieam of ooneoiousnees or 
firmament of the soul which contains all external ae well 
as aU internal expenenoee” (Rel. and 8e%., p. 42). Dr. 
Men claims boldly that the language of commonsenie 
shows clearly that our self ie identical with that whole of 
experience which oonstitutes at any moment our inner 
firmament {Fraginetii^ p. 56). His chief evidence from 
oommonsense language is the phrase ‘^to lose one’s self/’ 
when used to describe the extreme opposite of introspective 
self-uwareness. A person completely absorbed in the 
experience oi a sense-object, e.p., one who is all eye and 
ear ” at a play, has lost himself ” in that his mind is 
contacted to the dimenrions of his experience of the 
exciting object, and becomes utterly forgetful of past or 
future, utterly unaware of the whole background of 
expel iences which is nonetheless there all the time. But^ 
normally, we are always more or less clearly aware of the 
contrast between any object which stands out, holding our 
attention, and the dimmer background ; and when we want 
to mark the contrast, we oppose the outstanding object as 
** not-self ” to the background as ** self.” Still, funda- 
mentally, thi^ is but a differentiation (us we saw before) 
within the one, single stream of our consciousness which, 
as a whole, ts the self. Hence, tliere is no distinction 
between “experience” and the self which “has” the 
experience — the experient,” as we might say. On the 
contrary. Dr. Mens explicitly affirms the identity of 
“experient” and “experience,” and expresses it in the 
formula: “ Experient = Experience ” {Frogmefa, p. 57). 
“ As often as we regard our expmence as a whole, and any 
momentary experience as a portion of this whole, we take 
the synoptic view and call it our Self or Ego ” (i5uf.). 
If such language as this about the “ self ” should seem 
paradoxical, we must remember, as Dr. .Mere points out 
more than once, that the terms and the grammar of ordinary 
language are much better adapted to express our experiooces 
of sensible objects and of their relations to each other than 
the findings of introspection and synopsis. With Bargsoiii 
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he might have said that language waa shaped under the 
presaure of practical and, later, of aoientifio interesta, and 
thug is ill-adapted to express the insight of an attitude sd 
unusual, and so difficult to maintain, as that of intro- 
spection. The very words by which we describe intelleotnal 
‘^nocesses, t.g., to comprehend,” to “ understand,” betray 
their origin in our dedlings with physical and spatial farts. 
On the other hand, we feel that we are using langfoage again 
in its ordinary sense when we give to the term ” self ” 
its derivative, social meaning. Our context, then, is a 
social one : each of us is a self among other sdves to whom 
he stands in a variety of relations. Each of us is a person 
in a society of persons wliu aie individually distinct from 
each other by reason of their separate bodies. But, of this 
sense of " self ” Dr, Men says little, nor is there any need 
for ns to enlarge upon it, seeing that further discussion 
would only lead us back over the ground already covered 
in the preceding section. 

We may, however, conclude this brief review of Dr. 
Men’s treatment of the problem of ” self ” with two 
comments. 

The first is this. So long as Dr. Mers was pre>4>coupied 
with the HitAory of European Thought tn the XIXth CMt., 
he had but little time to follow closely the new philosophical 
movements which have marked the opening years of the 
present century. And later, when after 1914 he began to 
put his own philosophical conclusions into shape, he found 
faimseif hampered increasingly by failing eyesight. In hie 
last years, he was wholly dependent on the devoted help of 
Mrs. Men, supjdement^ by the occasional services of a 
reader. Thus out off from free and c<mstant access to tike 
literatnre, he was unable to familiarise himself with that 
form of the ” neo-realistio ” movement which has been 
developed in this country and which it especially identifled 
with the names of Professor 8. Alexander, Dr. O. S. 
Moore, Mr. Bertrand Bussell, Professor John Laird and 
others. These realists agree with Dr. Men in emplsg^ag 
the introspective method, and in identitying ^seli*’ lUad 
” asihidii” yet their use of introspeeiion leads them to l aij alt l 



very different from th^ee of Dr Hen, and oonaeqnently 
they gi\e to “ sdf ” and " nund ” a very different meaning 
So far from identifying ‘ exponent ’* and " experience, ’* 
they ineut on an analysis of expenence into a mental aat 
(of perceiving, thinking, etc ), on the one side, and an 
dhjtet on the other The exponent (mind, self) is the act, 
or, taking a wider view, a group or “ tissue " of such acts 
His stnot and sharp distinction of act and object being of 
the very essence of the realistic i>osition, it becomes, of 
course, impossible to construe objects like the body and 
the rest of the external world as elements witiiin the self 
or mind The neo-realistit handling of the introspective 
method is, thus completely opposed to that of Dr Hers 
It would have been supremely interesting if we could have 
hod from him a critical examination of neo lealism, and 
a vindication of his own position against the realistic 
alternative In such a vmdication Di Hers might have 
called powerful witnesses to hie aid For his identification 
of expenent and exjienence may be paralleled from the 
wiitings of so distinguished o yihilosopher as F H Bradley 
and of so eminent a psychologist as ‘William James 

The second comment is that clearly Dr Mers’s account 
of the self has been left in too fragmentary a state to enable 
us to do more than guess at the answers which he might 
have given to a number of important questions that come 
inevitably to one’s mind m trymg to think out his position 
Among these questions the most important, both for 
technical {diilosophy and for hum in interest is that of 
the rslation of God to man We may note as only a minor 
difficulty the fact that the account which Dr Men gives 
of human personality as havmg two aspecta an inner and 
on outer, ran hardly he traneferahle literally to the 
peitonality of God But a more senoue problem is how we 
ire to conceive the selfhood of God, as a penon, m relation 
to the selves of human persons Dr Herr gives us a plurality 
of human selyes individual, distinot streams of consmosuk 
ness or firmaments of thought Hioman analogies, no doubt, 
ere very inadequate for eonceiving God, hut, at least, ve 
oonnot tiunk of Qod as Im than snob a firmamsni of 
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But hmr, tben, ore the Piriue mind and human 
minds relaUnlP We rmn hardly think of them ae utterly 
self-contained and related moirely by pre^establikhjed 
harmony,” like Leibnis’s windowless ” monads. Dr. 
Merx’a own account of our sense oi the preseure of the 
All ” foibids such an hypothesis. But, on the other hand, 
he clearly had no sympathy with any one of the varioua 
theoiies — from the “ woi Id-soul ” of the Stoics to Spinosa’s 
all-inclusive ” substance,” from Schopenhauer’s cosmic 
” will ” to the vttal of Bergen — which make our 
individual minds merely pulses, as it were, of the univer&il 
life, emanations of the universal spirit. His position, we 
must assume, wa^ intermediate between the extreme 
pluralism of Ijeibniss and the extieme monism of most 
philosophical mystics. But what exactly it was, we 
cannot tell. Nay, there are good grounds for thinking 
that Dr. Mens took veiy litUe interest in this time- 
honomed problem of ** the One and the Many,”* and 
that he had, in fact, not thought out any answer to it at 
all. Perhaps he would have urged that the problem 
is unanswerable with our limited knowledge. And it 
must be admitted, in fairness, that it is not a problem 
lyiiiff in the straight line of the enquiries into which 
Dr. Mem was led by his introspective method. But, 
if we are to push our fcynoptic endeavour to the bitter end, 
is it a problem we can avqid facingf It is at least signi- 
ficant that the problem has jiersisted down the ages and 
presented itself afresh to successive generations of thinkers 
differing widely in outlook and method. In our own day it 
has been debated by four of our foremost contemporary 
thinkers (B. Bosanquet, A. 8. Pringle-PattinBon, O. P. 
Stout, '^^■llbunt Haldane) under the technical titie “ Do 
Finite Individuals Possess a Substantive or an Adjectival 
Mode of Being”? in a symposium of the Aristotelian 
Society, t 

• 

* Mr. T Wkittakcr, whoiio long and intlmete knowledge of Dr* 
phikMOphioel thought entitlos him to (peak with authority on raeh a point 
m tiiie, oonflmu this raggeetion 

^ t fVooMdtnst, VoL iviU. (1917-18), sad the volumei* and 
odiM for the Society by FmfoMor H. WUdoo Qw. 
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IV 

Dr M«n s philosophical work does not lend itealf 
to being labelled and classified He nudked himself with no 
school he followed no fashionable isms If we approach 
him with our ready made tags and try to pigeon hole him 
as an idealist or a realist a metaphysician or an epiate> 
mologist we have to retire baffled He does not fit neatly 
into any section of our tidy classifications of philosophiosd 
Systems But this very fact » a tribute to his independence' 
of mind In all his thinking he son^t only to find the 
truth and to express it as he found it Turare «n ter&a 
Ttiagittn was as foreign to his nature as was wilful striving 
after paradox and the cheap originality which in only 
ecientncity Masters indeed he acknowledged but whst 
he learned from them he made his ovm and where he found 
them wanting he did not hesitate to supplemmit and to 
correct First and last he stood on his osm feet drawing 
his very strength as a thinker from Ihe selfless humility 
which waits upon the truth to reveal itself to a mind kept 
always wide open to all the lesaona of many sided 
expenence 

Then Bight or that which to the soul is sight 
As by a lightning flash will come to thee ” 

These lines from the Dream of OerotUtiu which he 
prefixed as one of two mottos to IMtfton and Seimee 
etpresB the spirit of his work as mudi as the Platoma 
o fih> yap owawr ird? 8 aXtartaot i S 4 ftif aS which strikes the 
key note of the Hettory Withal he was a lonely thinker, 
cut off by the claims of business and industry from regular 
contact with the academic fraternities of philosophers 
among whom otherwise he might have looked for and 
found oompemonship and the encouragement of friendly 
cnticugi He is the more to be honomed and admired te 
the work which single handed he achieved * 

Ckimpanng Dr Men with hie eontempoianes aaimg 
philosophara it u easy to tee that the brat ai hto nlihd 

^fafttisnosertloe hoeerw tiwwholwiy aadoanweMMlialp eliliihtfi 
T wutlslnr save Sr Mart m iMiat «to vofauM 4/^ gMa»|r «■! Ms 
IstsrvrttiBgitoros^tlwpmi dassma te to sttotoiUy iw i is i i ai ra ia fi^ i 
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wiu not metaphysaoal But neather was he interested m 
the technicalities which delight experts in the theory of 
knowledge If we say that he was chiefly interested in 
the Philosophy of the Hainan Mmd| we shall get nearest 
to ih^ truth Moreover, this term has the merit of 
reminding ue of the debt which Dr Meis owed, <m the one 
hand, to Lotse’s MihtokomMU^^ and, on the other, to the 
British School of Philosophy t With the latter school, 
he refused to discrumnute between psychology and 
philosophy Adopting from it the combination of intro- 
spective and genetic methods he adopted also the principle 
that the study of the way m which concepts are formed 
and beliefs come to be adopted, at the <iame time throws 
light on their validity and justification But, it is to be 
noted that he applies this principle with much more confi- 
dence in the truth of our concepts and beliefs than ib 
characteristic of his English foiemimers He does not 
repeat Locke's critical proposal * to examine our own 
abilities, and see what objects our understandings are or 
are not fitted to deal with ' Still less does he let the 
argument lead him to Hume's sceptical conclusions N’o, 
in his confidence in the human mind, v e , in the essentml 
irusiworihiness of human thought, he is tke true child of 
the Kantian and Post Kantian philosophy When he 
accepts religion as a fact and merely asks, How is religion 
possible P " we ttiMt r*learly understand that he accepts 
religion as spiritual hnawUdge^*' t s , he accepts the 
religious view of the world as substantially true He 
follows Hume’s method of tracing every idea " to ap 
impression’' which is its ^'original” m the modified 
form of tracing our scientific and religious systems of 
thought to their basis m primitive eonsciousnese But he 

* nu wQtki iwUier thm LotSs § JfsIspkMi^ mfltisnosd Dr Ken's own 
plUlosopklosl prograamw (Of PragwunU p uc ) 

t Of Snob •mMttOM M tlwn from the '’laticdnotm 'toHams iJ V s s lisi 
m S wma m Ito$me ** *Tis evident, tiist *11 the sotopoo* have >teUtH»> gras l ic 
os Isss, to hnnsa utan Bvsn JColUmsItet, Tfalsnil FkXmigh 

■nd JMpios, sn to scnttB mssnn depwHint m the SofaBM of KilK 

la preteodlBg ih et^ore to oxi^ia the priaoiplM o< hnmsii astab, 
ve la eflsot propose • ooaiplesl mtsm of the maoees, buH oa s l oo a ds H se 
aUMSt entli^ now, and the onfy one upon whkb tiwy osn stud eith 
s tes rlty *• 
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oonre o to Hiuoa»’8 analytio habit of mind by poiatm^ to the 
mumtlc of esperiences and tba need of qrnopau, and he 
Qorreete Home’s soeptioal oonclosion that our beliefs an 
peycholoKioaily necessary but not ratitmally justifiable, by 
tike essentially Kantian and Post-Kantian confidmioe that 
science and religion are rational, for all that they are also 
psychological “ growths ” in the human mind. And to call 
them “ rational ” and “ knowledge ” is, I repeat, to accept 
them as tirustworthy, t.e., as revealing the real natuxe of 
the world we live in. The truth of science, as we have 
seen, is for Dr. Men relative, being subject to the quali- 
fication that science is "abstract.” The truth of religion 
is for him, clearly, absolute. Or, at least, if it is subject 
to qualifications, these qualifications spring, not from 
abstraction, but from the inherent finiteness of the human 
mind. At any rate, r^igion is not an illusion; it is not 
even, as some would have it, a wholesome, life-preserving 
illusion : something which, though false, is good for man 
to believe. No, for Dr. Men, religion reveals the fundap 
mental nature of reality as completely as our minds can 
grasp it. 

In other words, the foundations of Dr. Meiz’s non- 
aoeptical estimate of human thought are ethical and 
religious. In this he is the dieci|de rather of Kant and 
Lotse than of Locko and Hume. Here can be little doubt 
that if Dr. Men had developed more fully that non- 
introepeotive strain in his thought which leads him to 
dwell on the human mind as meative, as the source of all 
values in the world, as expressing itself in aK the adiiev^ 
ments of (dviliaation, he would have been compelled to 
smphasue the ethical and rriigioua foundations of hja 
confidence much more explicitly than he actually does in 
his published writings. As it is, we are conscious of a 
oertain gap between the conclusions yielded by hie philo- 
sophical enquiries and the convictions which both sustained 
his praetioal life and, as it were, beckoned to him ftoa 
afar on hie philoeophioal inlgriaege. Psrimpe tike fsiB 
spirit of tike man and the thinker aiqieara nowhere bettar 
than in the closing sentences of his oouise of leetnxss on 





**the Study of Mental Philosophy/’ delivered to the ' 
Literary and Philosophical Society, at Newcastle, in 1882, 
Taken down, at the time, by one of his hearers, they ran 
as follows : — ** To feel enthusiasm for the great, but to be 
faithiul in the little— in this is the enjoyment of seeing 
and realising the living personal Spirit of God, in a world 
of personal spirits which He has created. The view of 
this world, this Universe, is wonderful, true poetry, but 
we must not take the name of this wonder recklessly, but 
faithfull> and diligently cultivate the smaller sciences — 
and in time Philosophy will lead us to the posseti^ion of 
the Promised Land.'^ 

Did he reach the promised land of his philosophical 
hopes? In one sense he always posseased it. Tn another 
sense, he was always reaching out for it. His life, though 
long and full of work, yet proved too short for the task 
which he had set himself. There is a saying of Sir Thomas 
More’s which I found copied out among Dr.'Mera’s papers. 

It may have heartened him in some moment of discourage- 
ment at having to leave his work unfinished, and so he 
noted it down: — “ Better it were insufficiently done than 
utterly undone ” This, surely, says all that need be 
said, when the work of a. man who has given of his best 
is hampered by blindness and cut short by death. But, 
when that work is the work of a philosophical thinker, 
there is vet a further consideration which we may fitly give 
in Dr. MersN own words. ** The ultimate reality is not 
to he reached by thought, but must be felt, lived, and 
experienced; and when human language and human ideas 
fail, creation in art and living events must come to our 
aid.”* Dr. Mers lived his philosophy even more completely 
than he put it on paper, and we shall misconceive the full 
expression of it, unless we think, not merely of his writings, 
but of his happy family-life, of the success of his industrial 
work, and, above all, of the spirit of sweet and wise 
humanity which endeared him to all who were privileged 
to count themselves among his friends. 


♦ BUtary, Vol iv., p. 789, 
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THE VELOCITY OK OXIDATION OF NITRIC OXIDE 
AND ITS IMPORTANCE IN NITROOEN 
FIXATION 

By QMBai W Todd, M A , D So , F Imr P 
[Bead Deo Uth, 1922 ] 

Imeodpcttov 

The late ut which uiUic oxide is converted into the 
peroxide undei \aiyiii^ conditions ofi con antiatiou and 
tempeiatuie is of the utmost importance in niiio^eu hxation 
and nitric acid manuf^tuie 

In the are processes nitiit oxide is synthesised at high 
temperatures ami subsequently oxHliwd it lonci tempeia- 
tuies In the amuionia nxidiUon pioress nitno oxide is 
ioiined at about 500^C, the tcnipeiatuie deiiending cm the 
catalyst, and oxidised at a much lowei tempeiatuie by the 
addition of “ seiondary ” aii In the Hausei piocess the 
mtiic oxide is pioduced by explodm^^ a mixtuieof illumin- 
ating gas and air, with or without the addition of oxygen, 
the lesultmg pioducts being cooled lapidlv hy sudden 
expansion to pievent the dissoiiation of the iiitiic oxide 
The uitiir oxide obtained in these pioceeees is usually 
oxidised to peroxide hy the addition of air and the peroxide 
absorbed m water towers Among othei things, the 
leoctions in the towers depend on the tempeiature and 
( oncentration The most important icaction is of comae, 
the oxidation of the nit no oxide Since this reoHion, at 
the concentrations met witli in practice, is a slow one, 
tune and space must be allowed for it whatever may he the 
treatment of the resulting peroxide 

Below 140^, nitrogen peroxide does not appreciably 
dissociate back to nitnc oxide and oxygen, t>o that below 
this temperatnre the oxidation of nitnc oxide may be 

SI 
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regarded us a complete tonnoleriilar reaotion, bh the e-xperi- 
iiients of Lunge and Berl* show. 

The velocity of a complete termolccular gns reaction.- - 
The velocity of the complete reaction 2N0 + 0*— ^2NO| 

is Riven by ^ ® = A- Cn„.C^ 

where (* -conceutiation, and A’“Conshmt for a gi^en tem- 
perature 

Let us Huppose that at the beginning of the riaction there 
are 2a molecules of Nt) and h molecules of in a reaction 
space V Let the number of molecules of NO oxidised in 
time / be then the velocity of the reaction at this instant 
will be given by 

N.B — {a — x)lv IS only half the usually accepted concen- 
tration of NO, This merely alters the constant k. 

Let the oxygen be in ear^^s, le , a. 

The veliM’ity iKiuation may be written 

When the leactiou takes pbue at am^tant volume this 
bec*omeH 

lit It) \a oj 

X 

Putting I, = X where X is the fraction of NO converted, 

^ and ^ ) =• K, we get 

-K(l- X) . . . . (1) 

If the nitne oxtili is tn the velocity equation bocomes 

-X)«a-X) . . . . (2) 
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When the reaction takes place a/ cm^tant we can 

no longer regard / aH a constant unless the concentiation of 
\0 or of Oj is very small 

Let the >jrygpn be m %p b‘> a 
The velocity equation 

becomes 

I (fx T dv 

f df "f* dt V a) \ ^ a) 

li the pressuie is lu amt lined const mt ihiougbout the 
leoctiou then the volume ut un> time will be propiitional 
to the huiiiIh*! of iiiole<til(s jueMiit I he initiul volume 
when / o is tluTtfoie 


3/ + (/ - 0 

wheie (^ — rt) iH till excess of o\>gLn piesent Ihe volume 
ot this excess tenidins the sinit thiouKhout the leaction 
while the volume of the 1/ lucdic ules iliin^^is oontinuously 
with time Ibi volnmt iftei i time t is 


V « 3i(l + a\) + il 0 

where a is a constant which is negative in the reaction we 
are considering and X = ^ = the fraction of NO conveited 
Whence we obtain 


and 


r - v. 


df 


37(1 + aX +(/-«) 
3a + " a) 

3ai d\ 


df S4 + (d-a) 


// 


On substituting these values for v and in the velocity 
equation and simplifying we get 

~"*U/ r. 8««x 

* 2a + ft 

01 putting * ** P, 


(S) 
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WHen there is no change in volume, a ■■ O, and the 
equation reduces to (1) It in addition to the 2a molecules 
of NO and the b molecules of 0« there are also initially 
present n • a molecules of an inert gas, then 

3a(l + aX) + (ft— fl) + wa 
“ 3fl + (6 — fl) + wo 
dX._^/ a V (1 -XYiP - XI 

X 


so that 


dK_^/a\’ (l-_ _ . 
dt \Vo) 2 ^ 3a 


(3o) 


2 +p + n 

If the nt^ oxtde is m exeest, t.s., o > &, we have by similar 
reasoning, since 

« 3i + 2(o — b) 

and V V. 36 • (1 + oX) + 2(o - b) 
rfX_^/6V(>>,-X)*(l- X) 
dt 


1 + 


3a 

TTWi 


(4) 


where =* -j • 

If n'6 molecules of an inactive gas aie also picsent in 
the initial mixture, it is easy to show that equation (4) 
becomes 

•X) 

X 


DO 

^ X)V1-X 

dt \Vo) , 3a 

1 + 2pt + n ■ 


. (4o) 


TheM> equation'* ('uii 1 h* integiated and from the 
solutions, genet al ruives, showing the pententage con* 
version of NO to NO, with time, cun be plotted both for 
the case when the reaction lakes place at constant volume 
and lor the case when the reaction takes place at constant 
presBuie. Foi the solutions of the equations and the 
geneial curves ten any complete homogeneous gas reaction 
between two loaetants, the leadei should refer to previous 
work.* 

TAe exptrtmtfU» of lAingx and Berl , — ^liunge and Berl 
(Z, angeiw, Oh. 20,1718, 1907) made experiments on the 
velocity ol osidation of nitric oxide at constant pressure 
and at a temperature of 20^0. 


* Todd. PM. Uag., xxxv., 381 sad 4SS. 
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Their obsetvutionb aie given in fig 1. 

Let us ft)mpaie the tiieoreticaS curves with those 
obtained experimentally by ljungp and Berl. At 20^ a 
considerable proportion ol the |>eroxide will bo lu the form 
Ifa 04 . We will, however, assume first that the reaction is 

2NO + (),-► 2NO, - 3 

Lmqt and BtrV* ewv€ /., fig. 1, correBponds to 

« ^ A 


vecoctTv Of thb rkaction 


aN04> 


Af Con•»«n^ Pv'MCura 


LUNSK A SBItL ( Z ftngew Cn 80 ITm 1007 ) 


i^mp acre 




% no tov VOiAIMI) CONVBRTBD TO NQ, 

Fro. 1. 


On comparing the curve p = 8 (see page 439| Phtl, Mag 
XXXV.), with curve I., fig. 1, we get 


% NO oonverted ^ ♦ i 

( - lOOX). Lunge and BerL Thaoretiool 

oarYOA 


■■■it)’ 
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Ihe ag^reement in the Id^t column is very good 
\ow lot us assume that the reaction ih 

2NO + 0, ->► N.O. I# a= -2 

On comparing the curve / -= 8 (see p 441 Phil M tg xxxv ) 
with curve 1 fig 1 we get — 


NO oonverted , 
( lOUX) 

. i ae 

1 Lunge and Berl 

1 hu}ret oal 
curvea 


75 

1 

1 370 

370 

8S 1 

2 

67 

S35 

90 

3 

10 

350 

94 

0 

1 70 

340 


The agreement in the last column is again good 
Lungf a i / Herl s r it 10 If fig 1 corresponds to 


_ 100 
^ “ W5 


- 1C 


\ TT'iph loi this value of / has not been plotted in the 
3aper8 reft in 1 to Ihe c'lse is one in uhu h molecules of an 
nactive gas ^nlt^ogen) are present We must use the 
equation 3a) viz 


it \vj 1 + 


X* (p-X) 

3a 

3 -h ; + n~ 


In tbe cose we die considering n — 


400 

626 


8> 4 4 Hence 


<aking a ts - j we have 


(iX 

(U 



{1-X)»(16-X) 




n /I VH/tO Vi 


‘'<7 ((-X)*(l-6- X) 

loff. X) +3 _X 

3 ^ 1-6 - X 2 1 - X 

Patting in a few values of X given 


X 

*7 

•8 

*85 

9 

I 

1 

1*88 

3*86 

5 84 

1 10 06 

1 


Comparing these figures with Lunge and Perl's curve 
we obtain 


% NO oonverted 


f tec. ! 

Lunge end Herl 

<)■' 

Tbeoreticel. 

1 

1 

40 1 

1 88 

•470 

7-6 

386 

•607 

13 'S 1 

6*84 

•432 

24 0 ' 

10*06 

419 


Taking a * — g, we have 




a I (1 - X)«.(1>6~X) 


IX IT, l-6(l-X),4 


Putting in a few values for X gives : — 


X 

•7 

*(=)■■ 

1*83 



3*60 


0*31 


^8 


Comparing with Curve 1£ Fig 1 we obtain 


0 NO converted 
( lOOX) 

i so 

Lunge a Berl 

'O' 

Theoretical 

‘O' 

70 

40 

1 83 

467 

80 

70 

300 

473 

86 

13 6 

638 

308 

00 

240 

0 21 

384 


Uh laliti >/ ihe lelonty con-itant at Z{PC — We can 
now detLiiiuni the velocity (onsiant A m the equation 

wheii a i the nuiubti ul pn niols of NO initially prebent 
in V lities of lexuUon '>i>a«e iiid h the nunibei of gtn 
muls Oj luitiilly piebcnt in i hiice of leiction space 

The avera(fe vilues of A ^ " j obtained from Lunge and 
Beil 8 expel iments ate 


Curve T 

Curve II 

1 

2 

1 

2 

' 3 

8 

• 8 

8 

381 

349 

456 

428 


The numbers liom Curve I and Curve IZ show consider* 
able variation We must remembei, however, that « really 


lies between — 


1 j 8 

and — 


j auu j Since in Cutve II, the ooneen* 

tration of peroxide formed in a given time is lower than in 
Curve I owing to the diluent nitrogen the ratio of NOb to 


NtOi will be greater, and therefore « will be nearer to - 
than in Curve I 
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The time taken in mixing the gases might easily he of 

the order of a second, so that values of ^ ^ obtained for 

small t a might be consideiably m error We will therefore 

take for the average value of k , the last figures in each 

table, for which the reaction times are large The figures 
are 390, 340, 419, 384, givmg for an average 

*(“)’ - aw 


The value ^ was the same for Curves I and II In 

each expeiiment bibcc NO total) in h26 cc was the initial 
concentration Since 24|000 cc at 2U°C = 1 gram molecule 
of gas 

a 62 6 1000 i ix 

r,“m)0 ^ 626 perhtie 

383 

Whence A =■ / 1 \ i == 22000 

i240j 

Knowing the initial coiuentiation ot nitiii oxide and 
the latio oi oxjgen to i nitiic oxide, we can now obtain 
iiom the geueial curves, the time tor any percentage 
con vei Sion oi niliic oxide to nitiio pci oxide at a tempera- 
ture of 20PC 

Applicatton to the Atnnimia^Oxulatum — lu 

piocesses for the oxidation oi uuinouia, ui and ammonia 
m the pro]H>itions required the ecjuation 

4 NHg + 6 0a^4 NO + 6 

are passed over the catal^nt at i tempeiature of about 
600®C Ihe resulting pioducts ire quickly cooled smoe 
nitnc oxide is unstable at dOO^t and the watei is taken out 
‘ Secondary ” air is then intioduced into the mixture of 
nitrogen and mine oxide foi the oxidation of the latter 
It IS advisnUe that this oxidation should take place m an 
empty tower The time of contact lequired tor any per^ 
centage conversion can be calculated from the general 
cuives Since a laige volume of inert gas is present the 
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change in volume at constant pressure will be insignificant. 
Hence the eurveb foi u tcnnulecular reaction at constant 
volume will be used.* 

Take an eocaniple. Suppose that in an actual .plant 
for Ammonia Oxidation, the nitric oxide present 
immediately before entering tbe oxidation tower is 4 
volumes in 28 volumea. Air is introduced for the oxidation. 

For p = lj i.e., just sufficient oxygen for (‘omplete 
oxidation, 10 volumes of air must be introduced, making 
the total volume 38. 

Initial concentration of NO is 2 voK. in 38. 


2400D lOM "* 8™ mola. per litre at 20®(\ 

k * 22000 X ( 0022)* = 0-106 

From the carves, (loc. cit.) * (^ ) < 60 for 90 per cent.' 

conYersion. 

f as s 472 sec. - 7-9 minutes. 

For;? s 2 i.e., 20 vols. of air added to 28 vols. of mixture. 

Initial concentration of NO is 2 vols. in 48 toIs. 

. ® 2 48 nni7^ 

■ • r “ 2iODO ^ KWO” 

k 22000 X ( -00174)* - 0 - 067 

From the curves * f = 7-6 for 90 per cent, conversion. 

t tm s ] 12 see. 1-9 min. 

^ (v ) ^ for 96 per cent, conversion =. 17 
IT 

t sc as 266 sec. ss 4-3 minutes. 


* 8m PhU. Mag., xxxv., pUt« Iz., fig. 2. 
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Procpeding* in this way with various values of p, we 
ubiaiu the following table: — 

Tabls a. 


Initial oouteut oi ^0 = 4 vols, in 28 vol*?. Air added 
foi oxidation. 

For 90 per cent, conversion: — 


VoU ol air added 
Original vtd. of mixture 

‘"-36 

!28 

71 

28 ' 

s-' 


- 1 8 

28 

Tune (min.) 

79 

19 

15 

19 

] 5 


For 95 per tent, conversion: 


VoL of eir added 

20 

30 ^ . 

40 , ^ 


Orig volT ^"mixture 

28* 

sc 1*1 

28 

wm. 1*4 

28 


Tune (min.) 

4*3 

3*4 

3*1 

3*3 


It will be observed that there is a nnnimurn eontaet time 
lor ;i definite peiventage conversion. For the particular 
case we are ccmsidering it i» imiKWsible to get 90 per cent, 
conversion with a contact time of less than 1*3 minutes 
and it is impossihle to get 95 per cent, convcr'-ion with a 
contact time of leas than 3*1 minutes. The ratio of added 
air to original volume is the same in each case for the 
minimum convei'sion time. See tig. 2. 

If a high conversion is required with a shorter contact 
time in tlie oxidation tower, pure oxyfftn must be introduced 
instead of air. This will not only increase the rate of 
oxidation but will also result in a gae much, more con- 
centrated with respect to nitrogen peroxide. 

Let us work out the times for conversion when pure 
oxygen instead of air is introduced. 

For t.e., just sufficient oxygen for complete oxida- 
tion, wc must odd two vols. to 28 of the mixture making 
the total volume 30. 



dOJ 


Initi il concentration ot NO u 2 vola in 30 vofts 

a 2 30 

V - 24000 “ 1000 
'a 


ir) 


0028 

22000 X (0028)*«i0169 








808 


For i,6., 4 vols. of oxygen added to 28 toIb. of 

mixture 

a 2 32 nooo 

i; 

*( -J )’ » 22000 X (.0026)* = -148 

f = 7-6 for 90 per cent, conversion. 

61 sec = 0>86 mm. 


f 


7-6 

•148 


/. f 


^ ^ / = 17 for 96 per cent conversion. 
17 




= 116 sec = 1*9 inin. 


Proceeding in the same way gives us ihe following 
table : — 


Tabi/K U. 

Initial content ot NO -4 vols. in 28 v<Jl^. Pure Oxygen 
added ior oxidation. 

For 90 per cent, conversion . — 


Vol of oxygen added 




28 

W M 
2i“ ” 

Ong. Tol of mixture 

Time (min.) 

4-9 

086 

0*6 

04 

03 


For 96 per cent, conversion : — 


Vol of oxygen added 



*28 

28 " 

i?- 36 

Ong vol. of mixtuie 

28 ^ 

Time (mm.) 

1-9 

10 

09 

08 


The reaction timea fol higli percentago conversions are 
shortened very considerably when pure oxygen is added 
for the oxidation. 

The tables A and B are given graphically in fig, 2, 
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A general ejrpression for the time of ojddation of nitnc 
Otfirle proiluctd /ft the ammonia oJ^idation process. 

Since the in'tiu* oxide content of the ffns leavinjf the 
conveHer and condensin^f plant Miriet* with tho plant used, 
it nn'iflit be useful to deduce a general formula for the 
time of conversion of any percentage of nitric oxide when 
(1) percentugift content of NO (2) i>en*entage converHion 
required (3) ratio of added aecondury) air to original 
volume of gas, are known. 

The general equation for the rca^'tion at consrtant 
volume* is 




Ki-X) 


} 


Now 


V 


jolume of Oj 
^ volume of NO 


g (volume of added air) 

200 (volume of orig. gas') 


40 (v ol ume of a dded air) 

(^/oNt) in orig. gas) (vol. of ong. gas) 


Also 

a Ski 1 

^ ^ \ vol. of added . vol. ot orig. t ^ 24 ^ niols. per litre 
j air + gas f 

Also pcrcentago conversion s lOOX 
Patting N - % NO in original gas 

C = % conversion of total NO required 


_ volume of ** secondai^ ” air added 
volume o/ original gas 

we obtain the following expression ior the time in seconds 
when the tomperntiire is 20®C: — 


. ^ (R + 1)M C(40U - N) ^ , 40E(100 - C)) 

(4()R-~N)* )N(100-C) ■'■“*f*4000R-CNi 


If oxygen is introduced instead of the " secondary ” 


* This will hm n«ar snough If the per cent. NO in the gM from the 
oooyerten sad oemdeuing srrsngements is not grester thso 10 per cent. 
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air nnil if B is now the ratio of added oxygen to the original 
gas the expression bpcomes: — 

, 1046 (R + 1)’ i t:(200R - N ) , _ 2(X)B(100 - C)) 

^ “ (200B - N)* \ N(1()0-C) 2000()R / 

By differentiating the^e equationH with respect to B 
and putting the result equal to aero, the iiitio It (of added 
air or ox>gou to original gasi) whieli will give the minimum 
time of oxidation willl be obtained 

Appliralton to Arc Procfunen. — In the arc piwoBseg the 
gnst's from the are contain only low pen*entages of nitric 
oxide, the reaction may theiefore lie legnrded as taking 
phu'e at constant volume. 

As an eixam])le lot assume that the gas comings from 
the an' is air containing 2 per cent, nitric oxide. The 
value of p=20. The curves (loc, cit.) do not go to p=20, 
but we proceed thus: — 


O' 


I j 




a 

V 


■ kp - D* ) 

1 100 
24000 + 1000 


p (1 - X) 


= 00042 


X(p — 1) I 
1 -X” I 


* (j)* - 22000 X (•00042)» = -00387 

For 60 per cent, conversion, i.e., X = -6. = -0602, 

^ B 13 • 0 sec. 

For 90 per cent, conversion, »>., X = -9, 

/ B 128 sec. 


It is easy to deduce a genei-ad expression for the time 
r«>4;[uired to oxidiae un,\ pen-ontuge- of the total nitric 
oxide in arc gases. 

Tiet the gas lie tnr containing P per cent of nitric oxide. 
Then 


P 


100 

loOO 


gm. mola per litre 


24060 
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We have also 

^ ^ percentage of oxygen _ 6 
^ * i percentage of nitric oxide 

2 

On substituting these values in the general equation 
we get 

, 2-62 X 10‘ / X(200 - 7P> ^ , (200 - 2P) (1 - X) | 

' “ (200 -TWi .r6X~ I 

where t is the time tn seconds required for the oxidation 
of a fnu*tion X of the nitric oxide present in an arc process 
gas couMsting of air containing P per cent, of nitric oxide, 
when tlie temperature is 20^C. 


riMC or OXIDATION OF wo TO NO> IN AIR MIXTURCS 
CONTAlWrUO A gMALL PEWCCNTAQE CvvoO OF WO. 

0t RcMnt»«n « SO'C ) 



Fio. 8. 

The following table and the curves lig. 3, have been 
obtained from the above expression, 
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Tabus. 


X 

p--«% 

P-l-0% 

t sec 

p-i«% 

tMC. 

P-2*0% 

i wo. 

i see. 

•6 

52*9 

26*7 

17*9 

18 5 

*6 

79*5 

40*0 

269 

20 4 

•7 

1 

124 

62*4 

41 6 

32 0 

•8 

1 

213 

108 

72 3 

65*1 

•0 

480 

260 

164 

125 


Example: — Find the lime required for 80 i)er eent. 
eonver«iioTi ot the NO in the eooled aic‘ foisos iii which the 
peri’entuKV is 1'6 ikt cent. In tlub case X~'8, 

wlieiice I -72*3 seconds. 

Condmhng remarl^, — The geneiall ('urves uhiclr have 
been worked out theoioiically by the writer, hold for any 
<'omplete miction at any temjiemture. The value of k for 
the tenii)emture at which it 1^4 desiied ilie cuvvoh should 
apply must be deteiinined expeiiinentally. 

The value of h at 20®C foi the oxidation of nitric oxide 
has he<*ii obtuuml tiom the exiieriinents of liUn^o and 
BitI. Bmlenstein (/. nngew. Chem. 1153, 1909) and others 
have made experiments coiifinninpr tliose of TiUnjxe and 
Berl. IIIh expei-iments, and those of Ffwtcr and Blick (Z. 
angpw. rh. 2018, 1910) indicate that k changes very little 
with temperature. Tn fact tlic^* find a small negative 
coefficient. Hence the general expressions which have been 
worked out in this pnpet for the Ammonia Oxidation and 
Arc processes, using the value of h at 20®r wdll not he 
very far from the truth at neighbouring tempeiatures. 


n 
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A SIMPLE DERIVATION OF VAN DBR WAAL'S 
VAPOUR PRESSURE EQUATION WITH A NOTE 
ON MOLK(HTLAR DIAMETERS. 


Bt S. V. OWKN, M 8a. A.Ixm.P. 


[Head December Mth, 1922,] 


81. 

Consideiing the change of a liquid into its vapour as a 
uninioleculnr heterogeneous reucditm, it is easy to deduce* 
Van der Waal’s Vapour Pressure Equation from the kinetic 
theory. 

The forces acting on a niole<»ule in the Ihiuid, are, on 
the uveiage, dhected towards the liquid along the noimal 
to the surface, hence the aasuniption is made that only 
those nioleculen possessing a certain critical velocity normal 
to the surface, are capable of esi'aping from the liquid. 

The number of molecules per unit volume which have 
velocity components between u and u -h du, v and v + dv, 
ir and w + dw is 

+ »* + “V do dw 


where k 


1_ 

me 


and N is the number of molecules per unit 


volume. 

The number which hits unit area of the surface per 
second 


“ n(^)*« + ••»u . <ftt . dw 

where u is the velority normal tet the surface. Of these, 
only molecules havinff a veloc'ity greuier than the critical 
velority Ui, em‘ape into the vapour, and there number is — 


wj 


N,(^*)y^ J* #-*-<"*+»* + dll 
Ni M "jV*-*.- 

2 '\Tkm)*^ 
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Since all the vapour moleoulea hittinj? the surface pass 
into the liquid 



where the Huffixes / and v denote the liquid and vapour 
respectively. 

Consider the reaction 

liquid vapour- 


For equilibrium conditions = m and = kiTS g 
where k denotes the velocity constant. Therefore the 
equilibrium constant 


If 


Since the vapour pressure is independent ot the quantity 
oi liquid present, K proportional to /v, the vapour 
pressure. 


where A is a constant. 


At the critical temperature, the critical enerjyy imw,* 
vanishes, since the two phases are now identical, hence 
W3 assume that imwi* is proportional to (0^—0) ^here 0^ is 
the critical temperature on the absolute scale. 

Thus p^Ae~ 


where B is a constant. 
When $^6, pc-= A.- 


P-Pt f 

log^*- 


B (fe 6) 

■ R e 
B 

w ~ir~ 


which is Van der Waal’s Etiuation sinco B/B is a constant. 

Since the critical energy JwM|’ = B'tf, - tf)i it follows 
that the constant B9e for any substance represents the 
critical energy necessary for a molecule to escape at absolute 
isero, 
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It is interesting^ to note that if Jwi/i* is ussumed oon- 
Hlant uml is assoriuted with the heat absorbed in any homo* 
^neouH Rnseous or heterc^neous reaction, it follows that 

logK=-| 




2 W- 

1 WIW*' 

2 “W 


a result which is ulentinil with that derived on thermo- 
dynamical grounds by Van’t Hoff, Thus the ulxive reason- 
ing’ may be applied to hoiiioR:eneous g’useous and hetero- 
jfeneous reactions, by associating chemical activity only 
with (hose molecules which have a ceifain definite kinetic 
energy. 

§ 2 . 


The kinetic energy nei'essary tor a molecule to pene- 
trate the surface ot its liquid completely, is used up in 
doing* work against the foi(*es of molecular attraction. It 
is reasonable to suppose that when the moleimle escapes, it 
has associated with it, a certain amount of potential energy 
which IS etiuul to this work, the potential eneixy being 
manifested at the surface of separation in the form of 
Surface Tension. 

A somewhat similar view has been suggested by Taylor 
“On the coalescence of liquid spheres,” IMiil Mag., Vol. 41, 
1921. It is the appearance of this paper that has led the 
author to communicate the above point of view, which he 
has held since 1917, hut which he refrained from publish- 
ing, owing to the difficulties involved in the conception. 

It follows fiom the view outlined above that — 


fr^r = critical kinetic energy 

where rf is the diameter of a molecule and t the aurface 
tension. ' It has been shown by Edtvos (Annalm d$r 
Phystk, 27, 448, 1885) that - i(er - $) 

where M is the molecular weight, v the specific volume and 
k a constant. 


^ ir i 


Therefore 
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Writing Van der Waal’s Equation in the form 



' e. 



/•R 

4343 " 


d = / /• R 

wkx .4343. 


• a) 


Using the values of / given in Lewis, rhysieul 
Cheinislry, Vol. 1., p 123-4, ami A-2 12, the value given 
by Ramsay and Shields, ihe following values ot </ aie 
obtained : — 






Unit 10~* 

cm. 





Moleculftr diatn. d deduced from 

ft . . 

Density 

/ 

(1) 

V 

i 

ft 

D 

Oxygen 

la* 

2-5 

323 

sse 
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a -TO 

KitEOgen 


2-27 

34 

8*6 

3 '31 

3'S3 

2 97 

Cftrbon Dioxide 

7# 

2'«6 

4-69 

4*18 

432 

3*4 

4-42 

Argon 

14* , 

225 

3 13 

3*36 


2-86 

4*43 

Water 

1 

3-26 

3-23 

4*09 



3*43 

Kther 

•718 

' 3-01 

6*58 




7-6* 

Ethyl Alcohol 

•78 

3-91 

6*24 




6 2* 


V « vlsMsity 
k m thmmsl sonduoUvity 
h m Via der Weal’* ooneUnt 
D llndting daiudty. 

* Laadelt— Bdmitein Tabelleu. 

OVbmt renlta Kaye and Laby. 

Thus the results obtained from (1) agree very cl^ly 
with those obtained by the usual methods. 
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A NEW ilETllOl) OE DETERMINING RADIATING 

AND IONIZING POTENTIALS NOT NECESSI- 
TATING LOW PRESSURES. 

Ry W. J. Ci.ABK, B.Sc. 

[RMd Mwrah I2th, I92S.] 

If the molecules of a gas nre subject to lioiiibardiuent 
by au election stieam, uny encouutei'b taking place do not 
involve inteinul molecular alisorptiou of energy unless 
these electrons possess an amount of energy equal to or 
greater tlian “ V,e,” “ c ’* being the eleetionic charge, 
and “ Vb ” the hist Radiating Potential of the gas. in 
this latter case, such encounters lesult in energy trans- 
feicnce sufficient to bung about displacement to less stable 
orbits, of valency electrons ol the molecular systems 
affected, and hence diminution in velocity of the 
bombaiding particles. • 

An investigation, thercfoie, of the changes occurring 
Iwth in tlie velocities of the electrons constituting a current 
passing thiough a gas, and of the value of this current 
under suitable conditions, should afford experimental 
evidence of the existence of Radiating Potentials. 

The following apparatus, similar in form though not 
ill piinciple to that usually employed fur the purpose, 
appears to be capable of supplying this evideni'e, advan- 
tages claimed tor it lieing: — 

(1) The pressure at which experiments are conducted 
need only be of the order of 1 mm. ; consequently 
the magnitude of disturbing effects due to the 
presence of impurities, or to mercury vapour, is 
reduced, and the necessity of keeping a constant 
stream of gas at low pressure circulating throngh 
the experimental tube, obviated. 

(2) The instrument used for detecting changes in the 
electronic current at and above ihe Radiating 



S18 


Potential need not be neatly delicate as for 
those methods in whuh such detection depends 
on the meusuiement of the photo elec tnc effect 


Sccu nr H&rvwtS nr -Y ^ UiPMwUimt tVSC 

•*T ^ 



produced by radiation from stimuHted molecules 
falling on the collecting plate of the electroscope 

An expentnental tube is set up containing a hme- 
coated platinum filament “ A ** as Section source, a 
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(li8i--xlmi)e(l guuxe “ B," and a circular copper plate “ G,’* 
connected to an eleotroeoope. (Vide Fig. 1.) " X ” and 

" Y ” are eources of variable potential difference, the 
accelerating potential “ Va ” applied to electrons emitted 
from “ A ” being equal to (Y +X)t;. Between “ B ” and 
“ 0,” a retarding potential “ Y,” diminiahesi the velocity 
of those electrons possessing at ** B ” the maximum value 
“ Vfl,” to •* X ” volts mmuH that due to the velocity lost 
in Imveiaing the gas-tilled space “ AC ’ — this latter 
factor incidentally noi-essitates, in accuiate detciminations 
of “ Va,” a correction which may amount to as much aa 
U'5 volts lor that proportion ot the velocity lost between 
*‘ A ” and “ B.” (For the sake of convenience, velocities 
will be leferied to in teims of potentials.) 

(iKNEBAt TH£0B£TICAI. CoNSIUEKATIONS. 

Giving " X ” some suitable constant small value, 
suilit'ient when “ Va ” is less than the Radiating Potential 
to chaige C ” to u potential fi,” it is evident that 
variation in “ Y,” while increasing “ Vo ” (always 
subject to the I'unditiou that “ Ya ” is less than the 
lladiating Potential) and also increasing the thermionic 
emission from “ A,” will leave the oncoming electrons 
with the same residual velocity corresponding to *' v ” on 
reaching “ C.” 

Suppose now “Vo” to equal “ V»,” the Radiating 
Potential. For various reasons, electrons possessing all 
velocities from “ O ” to ” Vo ” will pass through the 
interstJoee of game ” B.” The fastest electrons oorres* 
ponding to ” Vo ” will therefore have just sufficient energy 
to produce radiation effects.” 

Further, let the gas pressure be such that all electrons 
eligible for energy transference are subject to effective 
collisions. 

As a result, they will no longer be able to traverse the 
space ” BC ” against the letarding potential ” Y hence 
both the negative onrrent at ” C,” and the potential to 
vhich “ C ” is raised will decrease. 
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Inoreasing Ya ” to (V^ +f) results in all electrons 
possessing velotities between “ Ya ” and (Ya-a) being 
stopptd with furthei diminution of the negative current 
and \alue of i ” Due to this cause alone, when Ya ” 
equals (Y, + X), the negative charge received by C” 
will del leise to rero and “ v ’ will become “ 0 ” Finally, 
when “ Ya ’ IS equal to the lonuring Potential “ Y 
encounters will now result in complete sep nation of 
electrons from the parent molecules, positive ions being 
toimed and a jiositive ruiient being legisteied by the 
electioscope, which will chaige up to a potential of the 
01 del of “Y Fig 2 shows this effect ginphically, 
oidinalcs being the potential to which “ G is laised, 
and absciHsce the coiiesponding value of “ Ya ” beveial 
othei superimposed effects, howevei, veiy considerably 
modify the above cuive 

(1) Radiation fiom stimulated atoms causes emission 
of photo-elections fiom “ C " Ihis effect, 
negligible at the Radiating Potential itself, com- 
paied with the loss of charge of “ 0 due to the 
actuil stoppige of an election will inciease pro- 
giessivelv as the stoppage becomes more general 
and “ N ” the neutial point of the above curve, 
will move cunsideiably neaier to ** R ” in 
consequence 

(2) Cumulative ladiation effects due to the absorption 
of radiant energv b> alieadv stimulated molecules 
will result in piematuie ionisation ouurnng, and 
hence tuither deciease m the value of “ N,” 
in tact the combined action of (1) and (2) mav 
lead to a meiging of the two paits of (a) into a 
I urve similar to (6), “ C charging up slowly 
beyond the limits of mensuiement as soon as all 
the original eurient has been stopped 

If the pre^re of the gas is, however, not such that 
ill elections are stopped, when “ Ya *' is equal to the 
Radiating Potential, a number of the latter will still 
reach '* G,” chaiging it up though more slowly to its 
former value “ «,*’ and not until ** Ya " has attainod a 



sufficiently high value to make the range in which theae 
elettions aie still eligible big enough to ensure encounters 
for all or tdl sufficient loniratum has taken place to 
counteract the negative charge received by “ 0,” will 
" V ’ decrease in value Hence “ H,’' the point at which 



this deciease becomes perceptible will assume a greater 
value than “ V ” , “ H ” also will correspond to a higlim 
value of " Va,’ indicating a condition in which the 
positive and negative charges received by " 0 just 
neutralise each other, at law pressures it will disappear 
altogether (vtde Fig 2c) 
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But if by tbiB meauB the Badiatiug Potential u masked, 
a measurement of the ( urrent received by “ G," ought 
to indiLate by itB diminution an absorption of energy at 
the Radiating Futcnlial and independent except for its 
magnitude on the pressuie 

Evidently the efRoacy of the above methods depends 
en a knowledge of suitable conditions in order to bring 
out those characteristics of the electronic current capable 
of definite interpi station 

PBETIUHrABY FxiitBnasHTs 

Ihe following expeiiments were therefore conducted as 
prehminarieB m ascertaining these conditions air being 
used as most convenient and capable of indicating quahta 
lively the possibilities of the method “ X was fixed at 
5 6 V and a number of leadings at different pressuies with 
roughly similar emission intensity from “ A ” taken Fig 
(3) illustiates the lesults obtained — 

(а) An inspection bears out the expectation of a 
change in the position of the neutral point with 
alteration in pressure this position varying from 
12 6 V for a pressure of 1 mm to 21 v for 
0 17 mm 

(б) At higher pressures the rate of decrease of the 
negative potential to which “ C ' is raised is 
considerably gi eater than at the lower ones, 
necessarily suggesting less photo electno action 
in the latter cases 

(c) It IB impossible to detect the position of the first 
Radiating Potential « e the potential corres- 
ponding to initial decrease of “v * All the 
curves show a slight decrease even in the vicinity 
of 10 V but due partly to the fact that the 
electroscope iias least sensitive in registering the 
highest values of the potential to which 0 ** 
was raised and also due to the difficnlty esipen- 
eooed in determining accurately these highest 
values, since the final stage of the ehargnig up of 
“ C * was brought about only by the oemptni* 
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tively few electrons possessing the maximum 
velocity " Va at B/' no definite indication of 
an initial decrease is possible. Nevertheless the 
g>eneral trend of all the curves suggests that the 
Itadiating Potential must lie below 9*6 v, 

(d) None of the cuives indicate the pressure to be such 
that all elections have been stopped as soon as 
their eneigy exceeds that coriesponding to the 
Radiating Potential, for if this were the case, 
“ C ” would charge up positively to an extent 
fai exceeding that indicated, that is to a value 
comparable with ** Y ; all the positive values of 
V must apparently be potentials of equilibrium 
between the residual part of the original negative 
ounent and the photo-elecirio and ionisation effects 
combined. 


Keeping X ’’ the same value (6*6 v.), a further set of 
experiments was now conducted to investigate the effect of 
variation in the intensity of emission of the electron Htream. 
Fig. 4 gives an idea of the genpial effects obtained at two 
different gas pressureH. They are quite representative of 
similar curves obtained for intermediate pressures. It 
appears that ; — 

(1) increase in emission increases the value of “ Vtt 
corresponding to ‘‘ N,” 

(2) the magnitude of the increase depends on the 
pressure, being greatest for the lowest pressure. 

Considered theoretically one would have expected a 
greater proportion of ionisation for an intense emission, and 
hence a decreased instead of an increased value for N.’^ 
The most feasible explanation of (1) is that increase in 
ioniiation does take place but the ions formed are unable 
because of their small mobility to charge up C/’ to an 
extent proportional to their rate of production. This smaU 
mobility may be due to the combining together of numben 
of positively charged particles to form aggregates, The 
electrons coiiRfituting the original current, having greatoir 
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mobility on account of tbeir smaller bulk, are not so 
impeded, hence for intense emission, a greater proportion of 
negative than positive ions can reach “ C,” than for vreak 
emission. 

(2) Might be explained as follows. At higher preMnnas, 
the number of elections reaching “ C ” at the neutral point 
" N ” IS lees, and the degree of ionization greater, than at 
low preesures, hence variation in emission intensity means 
current variation at “ C ” of less magnitude for high than 
for low pressures, consequently a smaller variation in 
“ Va ” will suffice for compensation. 

ExPERIlfKNTS OK RaDIATINO PoTBimAI.. 

From a consideration of these preliminary experiments 
it appears that in order to obtain decisive initial effects 
corresponding to the Radiating Potential, it will be better 
to investigate changes in current value at this point. 
Turning to Fig. 5, curves (a), (h) and (c) represent theoreti- 
cally, three possible relations between ** Va ” and the 
negative current reaching “ C.” 

Tf change in “ Ya ” has very little effect on the number 
of electrons drawn from “ A,” then the negative current (i) 
reaching " 0,” will bo of constant value until “ Va ” is 
equal to the Radiating Potential, when a decrease of magni- 
tude depending on the gas pressure will result, as illustrated 
by curve (a). 

If on the other hand, increasing Vo ” increases the 
emission from “ A," (i) will increose in value till the 
Radiating Potential is reached. At loiv pressures, the 
number of electrons subject to effective collisions and hence 
prevented from reaching " O,** will be less than the 
increcuied number drawn from A ” as Va ” is increased, 
so that (i) will still increase in value, though not so rapidly 
as before (see b). If, however, the preesuro is such that 
most of the electrons eligible for energy transmission are 
stopped, there will be a considerable decrease in the negative 
ourrent as illustrated in curve (c), at the Radiating 
Potential. 
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SeT«ral prelunmary «xperuDeot8 with X at diflsraai 
values indicated the suitability of 6 6 t again At lovr 
pressurea increasing Ya only resulted in a eliglit 
increase in the negative current similar to that indicated in 
Fig hb at pressures above 1 6 mm no negative current 
at all could be detected but for pressures of the order of 
1 mm curves of the type indicated in Fig 6 were obtained 

Apparently increase in Ya did not affect the emia* 
Biou from A appreciably the current being constant 
until Ya equalled 7 2 v at this point a decided current 
decrease was observable foUoned by a further decrease at 
8 2 V These value of Ya are unoorrected for the 
retarding effect of the gas molecules between A and 
B on the electron stream whi h at the above pressure 
was estin ate 1 to amoui t to 0 5 v Suhti acting this correc- 
tion from the above there are two d stinct current 
ler teases oi e oorrespot d ng to 6 7 v and a f irther larger 
one to 7 7 V These values are only qualitative but corres 
pond loughly to the Ral ating Potentials of Oxygen and 
Nitrogen respectively 

Further ezpenments conducted with apparatus only 
slightly modih^ sloied tint very slight changes in the 
construction of the latter made very onsiderable modiflca 
t ons necessarv with legard to the adjustments of pressure 
filament emission and the value of X in order to 
emphasise the curient characteiistios illustrated above 

Fzpsbiksnts ok the loKiziKo Potential 

An attempt was now made to eliminate the effects most 
likely to mask the true Ionising Potential These effects 
are due to — 

(1) phot electiio action and premature ionisation and 

(2) the negative current which persists if the gas 

pressure is not such that all ele trons gaining 
energy corresponding to aie subject to 

effective collisions 

To eliminate (1) as small an emission as jDoeaible tra|S 
used— this incidenteJly meant a oorrespoading de emn ie m 
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the nmnber of positive kms produced at the Ionising* 
Poteutiall. 

To de(*iee8e (2), X ” was changed to 1*4 v., bo that 
only elwtrons having velopities between “ Ya ” and 
(Vd— T4) V. at “ B," oonld reach “ C ” below the Badiating’ 
Potential. 

Fig. 7 illustrate*! the reeults obtained, the emission from 
“ A ” being adjusted so that no negative onrrent conld be 
detected below the point of emergence of the positive oanrent 
from the horisontal axis. Ionization is indicated as oeonrr*- 
mg I>etween 14 5 v. and 16 v., corresponding to the Ionizing 
Potential of Oxygen. The most decisive results were 
obtained between 0 5 mm. and 1 mm. pressure. Decreasing 
the pressure, decreased to such an extent the amount of 
ionization produced, while at the same time making it 
necessary to diminish still further the emission from '* A ” 
in order to prevent a negative cunent reaching “ C,” that 
measui«ment of this ionization was rendered exceedingly 
diffir ult and imcei*tain. 

Curve (c) for a pressure of 0 49 mm. is interesting, as 
showing that when the value of the negative current reach* 
ing C ” has been made very small, imreasing the 
emihsion, lesults in premature ionization o(‘Curring, thus 
consideiably lowering the value of “ Yu ” corresponding to 
” N ” ; this effect is just the opposite to that illustrated in 
connection with the preliminary set of potential curves of 
Fig. 4, where the increased ionization produced is more than 
counteibalanced by the corresponding increase in the 
negative cunent reaching “ C." 

• ■••••••a 

The BUthot expresses his indebtedness to the D^artment 
of Scientific and Industrial Research for the maintenance 
grant which enabled him to carry out these experiments and 
to Professor G. W. Todd for his advice during the period 
of the f^earoh. 
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SOME FUETHEB PBOPEBTIES OF CELLULOID 
WITH A DISCUSSION ON THE BASIC 
PRINCIPLES OF OPTICAL METHODS OF 
MEASURING STRESS AND STRAIN. 

Bt H. I. LAMOB MABUM, B. 80., AMoo.M.Im*.O.B. 

[RmmI Oot. tli*. 1922.] 

I. iKTaODVOnON. 

The description of the experiments presented herewith 
are a further contribution to the problem oi the optical 
determination of stress and strain in the transparent 
substance “ CELLULOID.” Whilst the results must not 
be token as final, the Author submits that they will help to 
explain the phenomena observed when strained celluloid 
is examined by means of polaris(>d light. 

From 1911 to 1914 some preliminaiy experiments were 
made^ with the object of testing the distribution of stress 
in celluloid, reinforced with mild *^steel wire. The 
experience thus gained showed that the method of meaaure>- 
meot then adopted, although sound, was very difBoult to 
control and was thus open to improvement. With this 
end in view the Author decided to re^investigate the whcde 
Bubjeot, and work was commenced in April, 1922, 
continuing, at intervals, to the present time. 

The material used was in no wise treated, either to 
remove the initial stress, or to improve its optical properties. 
In the course of time souie of the <ipecimens after being 
worked, that is loaded and unloaded, altered, oUierwise the 
specimens were made from the material ae received from 
Meesrs. The British Xylonite Co., who informed the Author 
that it was of recent manufacture. 

Similar work is now being carried out with materiel 
which has been kept for over nine years. This poeseasas 




«zo«llent optical properties. The oomparisoa of the results 
obtained trom the old and the new materials will be 
exoeedin^y valuable and uutructive when available. 

II. — Affabatds. 

In the earlier experiments the polarised light was 
obtained by the reflection of a parallel beam of light from 
a piece of black polished glass, while the analyser was a 
small nicol prism. 

In the present eapenments the polariser and analyser 
consist of a laige pair of nirol prisms suitably mounted. 
The source of light is a 1,600 G.P. “ Focuslight,” which 
lamp gives a steady illumination and possessee the great 
advantage of requiring no attention after once having been 
adjusted. 

The nicol prisms, lamp, condensers, and lenses are all 
mounted on an optical bench which is divided into two 
portions by a large gap in which are placed two straining 
or testing machines. Both of these ire of the single lever 
type, giving a maximum load on the specimen of approxi- 
mately 200 lbs. At all loads they are sensitive to plus or 
minus 1 lb., and one of them is so ccmstructed that the 
specimen can be turned through an angle of 90 degrees 
in its own plane. This specimen is generally a simple 
standard for comparison with the specimen under 
examination. 

By a simple arrangement of the lenses a real image of 
the standard can be made to fall on the specimen, with tbe 
result that the objective lens can throw properly focussed 
images of both specimen and standard on to the viewing 
screen. This screen can be replaced either by a camera for 
taking colour records, or by tbe slit of a Hilger’s flxed-arm 
spectrometer, by means of the wave-length drum attach- 
ment of which, wave lengths, and hence retardations, oan 
be measured to 10 Angstroms units or*! It is possible 
to estimate to one-tenth of this unit, but it was found front 
readings taken by two independent observers that tbe mean 
error of one reading, from mie set of 7 observations of the 
>same wave length, was 2'24, and that tbe greatest maaitt 
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enor WM 47 How^yer if th« readinga l)!f 

one obaerver theae errora were about halyed Heuee aay* 
obaermtum will be taken as beinif witkin {due or nAnw 
2 H* figure will naturally be inrxeaaed for iJl 

orders of colours (retaidatiODs) other than unity 

For obtaining the strains in the celluloid specmena a 
Ewing a extenaoaneter was used This instrument can 
measure to one five-thousandth part of an iiudi while 
estimates to one-tenth of this are possible 

III — Mbohakicai PnopBBTns 
The determination of Young a Modulus ol Elashmty 
was undertaken Many experiments have been made 
premoualy’ but ipparently without time effects being 
noted It will be shown that the Modulus depends on a 
number of facton and is by no means constant The same 
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speoimen was used throughout and was made from cellulmd 
cut from a large sheet Its section measured 1 inch hy 
0170 inch and its length sras such that the standard 
distance of 8 inches between the gauge screws on 
extenaometer could be easily accommodated In no single 
ease sres the so-called elastio limit approached oe it 
sras desired to examine tbe bshasuour of the maieni^ uhdet 

S -TlwskMs sMa p r s i in j tM at attnooUalow sat thsICe 
•sdosi bohevloar P^FNl. &0 Oofcar FS.a «a4 X.«, CMkksilM* 
rUL'fmu flocissA Tsl ttl 






Slrafta^lbs par a^ a 


826 


Stress Extensometcr Reahncs. 
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T«ry low stresBes Table I gives the stresses time of 
loading and extensooneter readings and Fig 1 shoiwi the 
resulting curve as obtained by the least square method The 
value 386 600 lbs per sq in for Toong s Modulus was 
calculated from this line and had the eztensometer readings 
been taken as soon as praoticable after each load instead of 
allowing one minute to elapse m each case this value would 
have been slightly higfanr 


Tabls II — ExmiuiiT Anuc IOtb 192S 


fltMHllM 

■q neh 
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30 
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335 

36 


8483 
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38 
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40 
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41 
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42 


4858 
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44 
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45 


348 3 

450 


Unloading 

894 5 

8 91 

47 5 

847*0 

840 



199 4 

8 81 



1518 

820 
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1518 
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The effect of allowing the loads to remain oonstani lor 
some oooeiderahle time is shown in hig 2 which was 
plotted from the data given in Table II The eztensometer 
reading of 1 61 was taken as soon as practicable after the 
application of the first Iced which caused a stress of 161 8 
11^ per sq inch This strees was maintained tor a period 
of 30 mmutee in which time the reading had iiMaeaeod to 
1 71 Hie three constant stress penods for loading are 
indioated in the figure by honsontal steps on whudi tho 
penods of rest are shown The material revealed sunilair 
oharaetenetiM when being unloaded Fifty-esglit sunutm 
after the strees had beM reduced to 161 8 m per Ueh 
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the readings diopped from 2 20 to 1 81 Complete reoarery 
required 1 71 This would probably have been leached had 
more time been allowed It is also piobable that if the 
specimen had been loaded and unloaded mth very long 
interrala between the successive strseses the extension and 
the recovery curves would have been clos to if not identical 
with each other The Modulus value obtamed f rom the 
line drawn evenly amongst the loading points (neglecting 
the three steps) is 318 600 lbs per sq inch or nearly 19 
per cent lower than the first value obtained two days 
previously 


Weights Cxtcnsometcr Rcainnci 



Time and pieTious looding liaving tiadi e marked effect 
on the material the following experimrat was framed to 
inveatigaie these important characteristics in greater detail 
At definite times the specimen was loaded extensometer 
readings were taken (a) as soon as practicable after loadipg 
and (6) at stated intervals after loading Similar oibeervap 
tioos irere made when unloading Table III gives the 



on amna 








complete record of theee meaeiucmente wkidi will be 
analysed to iboiw — 

(1) The relation between Strett and Evtmmon at the 
end of unequal penods of loading and unloading 

(2) The relation betwecm <S<reM and Ifstmnon for 
loading and unloading at (a) the instant tiiese 
operations are completed, (J>) aftw equal interrals 
of T%me 

(8) The relation between Extentum and Tvme for the 
whole period of stress vanation 

(4) The relation between F»ten»ion and Time at 
constant stress for loading and unloading 



(1) Relation between Stre$$ and Extention at the end of 
unequal penodt of loading and unloading 
The most satisfactoiy way of demonstrating this 
telationship u by means of a oorre In Fig 8 the Talnes 
of the exteoeometer readings are plotted against the Talvto 
of the weic^ta on the lever <A the testing machine JoiniiMf 
the pomts so obtained, it u seen that they do liot bo on b 
straight line, and this want of proportaonality pravepiti a 




true value of the modulus beinfr calculated from the data 
obtained for unequal penode 

(2) RelaUon between Street and Eatennon for loadtng and 
unloading at (a) the tnttani thete operationi are 
completed, (b) after equal uUervalt of time. 

Table lY. is a re-arrangement of the data of Table III. 
It shows the readings at given intervals of time — these 
intervsds being measured from the time of applying the 


!• 

u 6 

4 

2 


load. Further, it is assumed that the periods of time taken 
to load and obtain the first readings aftor each loading were 
equal, and for the sake of brevity have been termed “ O " 
intervals Figs. 4 and 6 show the result of plotting the 
stress and readings for the *' O and 3 minute intervals. 
From these and similar lines, all fitted by the least square 
method, the calculated stresses and the values of the 
Kodulus were found as givmi in the table In four minutes 
Ae value decreased from 306,600 to 296,600 lbs. per sq. 
ii^ foe loading (from the figures it appears as if it would 
etill gut smaller with time) had inoreased in two minutes 
jEnuu dlSfOOQ to 324,000 lbs. per sq. inch for 
(ftoa thn figures it ajqiears as if it had become ooaetaat). 


Extension anj Time. 
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It Bhonld be noted that the imtial Talnee 306,500 iat 
loading and 818 000 for unloading an botb len tiian iba 
▼alnea given by the pravioiu two efxpenmentB, ns , 886,600 
and 313,500 for loading and 416,000 and 836,600 for 
unloading 
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iMMM. 

MfatiUfc 
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lixtomkioa. 

X 




n 

(898) 

88a=A 

[4^6— B] 




BIS 


418 

-2 




10 


427 

+5 




MSm 


483 

-7 

86 

e75 

166 

SSI 


480 

-1 




mim 


448 

+1 




Kl 


447 

+8 




Bi 


468 

0 




ra 

(408) 

307=A 

[42 6=B] 
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480 

-4 




■Efl 


488 





1 5 


445 

+5 


009 

166 

80 


451 

4-6 




25 


454 

+• 






460 

-5 




86 


468 

--3 




40 

466 

466 

. t_j 

0 





(S9S) 

216=:^A 

l20=i=;B] 


8428 
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282 

282 
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236 ' 

-«2 

leuthAii 


06 

18 


280 

-1 
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242 

242 

0 

Both thM 

6 ttrmes 

26 

244 

2a 
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ffm idan 
oilhreaM 

tlOftl 

a 

80 

246 

246 

0 




0 

(308) 

SOOaeA 



1518 

1518 

1 

834 


—4 

— 



2 

888 

388 

0 



Lwt teem only uaaenoM qm vehie, vu , 8 mimite mteml 


( 3 ) Tha relation hetueen Sotentton and Ttme for the vKoU 
period of itrete tanaUon 

Tbe stepped diagram of Fig 6 is obtained bj 
tuna against extensions It sbowa cleariy, how, %ith 
aj^lioatuMi of a load the extension ina r eases atnost In* 


























stantly at first and then rapidly falla off with time, tending 
to become aaymtotic to a line parallel to the abBoisssB (time). 
On the diagram the atresses are noted, which are well 
within the so called ” Elastic Limit. This term may now 
be defined as that stress which, if exceeded, the extension 
and stress cease to be proportional after equal time interralB 
of loading. Thus the stress at which such points as plotted 
in Figs. 4 and 5 cease to be linear will be the measure of 
the Elastic Limit. 
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(4) The relatMn between Eetemtion and Time at eonetont 
ttreet, for loading and unloading. 

Loading . — An attempt hae been made to find tbe lawB of 
estenaion with time. Table T. indioatee how far this has 
been sncoessfal, while Fijf, 7 gives a typical time extension 
curve. The actual differences in the extensions for the 
standard length of 8 inches have been deduced from the 
etteoBometer readings ^or each constant stress and tha 
nsulte have been multiplied by lO*. This gives a number 
of three figures which greatly simplifies iho arithmetical 
oaleulaikms. 



886 

Seyeral lawa w^re tried of whicli the fci!lIo>iriii|r prayed 
the moat euccesaful. 

X-B.r 
X ■■ A + B • 

X — A. + B./»- /(O. 

Althoag’h each of these can he made to fit the experi* 
mental values fairly well, it seems that only the last is 
permissible, the others giyinpr infinite extensions with time, 
which is probably contrary to experience aa after a certain 
period the material should come to rest at a definite exten* 
sion, for these low stresses. 

X =* A + B/*-** - 01 X /. 

was the actual formula used for calculating the extensions 
at the cM>nBtant stresses given m Table V. The last term 
of this law is very indefinite and only affects the calculated 
extensions in a small degree for cases of “ t ” greatei than 
6 minutes. It is to he ohsorved that the same index 0 356 
of " t ’* in the second term is common to the five sets of 
constant stresses. The constant '* A ” seems to depend 
upon the amount of the total stress, and ** B ” upon the 
magnitude of the innuaee of stress. 

Unioadinff. — On comparing the recovery curves with 
those just oottsidered it was seen that they were of a similar 
type, but further consideration showed that the same law 
could not apply. The oontraction has comment od from 
some definite point and tended to proceed to another definite 
point, via., that which it reached when the specimen was 
at the corresponding loading stress. TTence the required 
law should indicate this. After several attempts: — 
R=X- A//* 

was the form ultimately selected. In this if “ t ” is made 
large tiien B ” will become equal to X *' its starting 
point, on the other hand, if " e ” be small “ A/t* ” will 
be large and " R ” will beooone small. The vnlue “ t ” 
equal to " 0 ’* is not permissible as the conditions in the 
experiment are altering, that is to say, the load is heiag^ 
removed, which operatim takes a omiain anumttt of time 
to comjdaie. The value “ B ** equal to 0 vrae^d 
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correspond to the instant that all load had been removed 
and the ooiresponding value of “ t ” is the smalleat 
allowable “ X " is the extension from which recovery 


Tajilb VI 



omnmenoes and its values are equal to, or greater than, the 
experimental values This is parallel to the ease of loading 
in which the values of " A ” are slightly less than thosn 
1 obtaiaed by experiment. Table TI compares the calosdatad 



































and expenmental values of ' B and Fig 8 gtvaf a 
tsrpioal time reooveiy oorre 


Tibli Vn --amiABY OF Viiicas or Youiro s Hoovlvs oatsnm vaou 
THS Expnnaami 


No 

Dolo 

UodiOMTafaw 

Fintgitooo 

VariMtemm 

IoSMToIom 

Uwnifci* 

IfOOdlBf 

Vnloodlv 

tioorttng 

UnMadiac 


7/4/22 

386 600 

416 000 

— 

— 

gxtwometcr riwidhigi 
at 1 mmtrte mtecvalt 
after loading or un 
loading let time of 
loading 

2 

10/4/22 

818 600 

836 600 

18 9 O 0 

19 0% 

Seoond tune of loading 
Modnlui from mean 
line through pomte 
oi nearlv equal tune 
intervaU 

8 1 

! 

L_ 

11/4/22 

1 

818 000 
821 000 
324 000 
824 000 
324 000 

210 

228 

284 

234 

229 

224 

Third tune of loading 
Bxtenaometer read 
inge taken at inter 
Tiueol — 

Minutee from loading 
or unloading— 

0 

1 

2 

8 

4 


lUzimom pottibk Ysrifttkm— 29 e^oent of nutial vnloodmg tbIm 
V trifttloo from tBOond loading to third loading (uutial valuea of eaoh^ 
2 65 por Pe n t <d oMond loading 

Vanatioa during the third experiment jaw cent of the flret ralne loading— 
2 90 per cent that » m a period of 25 mmutea 
Vanatum during the tiurd uiuoadmg per oent of mitul vahie+l S8 per 
cent 

A summary of the alteration in the Talue of Young a 
Modulus as detennined by the three ecqMnmenie is 
presented in Table VII These variations are also sxprsssad 
as percentages of its original value and are eeen to lie 
between 19 and 29 per cent Such large variations an too 
great to be ignored However if the law of strain with 
tune has been found the true value of the Ifodulue o*a he 
estimated for any of the oonditioai tiiat are likely to ax|io 
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in the optical methods of stress measnranents, similar to 
those described in this paper. 

IV. — OmcAi. PsorEiiTixs. 

In the earlier work of 1914 a table was prepared show- 
ing the interference colours obtained by viewing between 
crossed nicols, oelluloid while under direct stress. These 
colours, of which Table VIII. gives another list, are in the 



Tlrrie — minutes 

Fig. 8. 


same sequence as those of Newton’s rings, and similar to 
those given in the form of a beautiful chart by M.M. 
Michel-Levy and Lacroix in their work Let Mineraudes 
Boches.” On this chart each colour has agaiu<>t it a figure 
which represents a definite retardation. By matdiing the 
colours of the stressed celluloid with those on the chart it 
is possible to indicate in a general way the relaticufitip 
between itrees and retardatioiii; vide Fig. 11. It ehosild he 
ohsearved that the oolonrs repeat themselves, the numhar of 
repetitions being known as “ orders.” This appngdinate 
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relationship not beinj^ of sufficient accuracy for the present 
puipoee^ more diiect methods weie employed^ all of which 
depend upon letardation measurements. These measure- 
ments beiiiir somewhat noTel they will be very briefly 
outlined. 

A ray of polarised light in passing through a doubly 
refracting substance is divided into two, the ordinal y and 
extraoi dinary rayn, the tiansvciae vibrations of which 
vibrate in two planes at right angles lo one another; the 
vibrations having unequal phases. These orthogonal rays 
on being passed through a nicol prism lieconie coplanar, 
but with the difference of pliaso maintained, with the result 
that interference takes place between them. The effect 
of this interference is colour. Retardation is the measuie 


Tabif VTTT 


Hwiltwl I 
UrmTv ' 

1 OtHamr 

OMTMpo&dlnf 
BeiercUtion 
from UliMt 

OrtUr 

' M 

0 

Dark field (yellow) 

40 

1 

188 

Grey yellow 

160 

1 

376 

Lignt yellow 

281 

1 

Sdi 

YmIow to orange 

380 1 

1 

7fi2 1 

1 Orange 

430 1 

1 

1,128 i 

1 Brown red 

600 1 

1 

1,316 , 

1 Purple to violet 

670 1 

2 

1,411 

Green bine 

660 

2 

1,506 , 

1 Green 

ROD 1 

2 

1,^ ' 

Green yellow 

866 

2 

1.978 , 

Yellow 

910 

2 

2,366 

: Orange vollow 

940 

2 

2,639 

j Pnr^ 

1,128 

3 


of this difference of phase or “ lag,’’ theoiefirally expressed 


. . . . ( 1 ) 
where /c© ®ud fc# are the indices of refraction of the two 
rays. This expression is a special cose of a geueial physical 
law which will be stated when the ** Single Mica Sheet 
Method ” of stress measurement is considered. However, 
it cannot be employed for obtaining retardations on aocount 
of the experimental difficulties ol measuring the indio^ 
of refraction in the celluloid specimen while under stress, 
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but by tbe simple process of annulling the interferense 
colour (retardation) in tbe specimen by on equal and 
opposite retardiition, the value of which can ^ easily 
measured, this difKculty is overcome. Tbe interterenoe 
colour is compound, that is to say, is composed of all 
possible wave lengths of light with the axception of the 
one, the effect of which has been destroyed by the lag of 
one ray behind the other. This lag or retardation may be 
expressed generally by the formula 

R fflX (2) 

where “ m ” is the order of the colour the wave length 

Retardation ..j Stncsi. 



of which is equal to X . A is measured with the fixed arm 
spectrometer and *' m ” in the ordinary way would be 
equal to } or a multiple of In the arrangement of the 
apparatus as used, the light uas made to pass through two 
crossed ninol prisms besides the celluloid specimen. The 
last prism, known as the analyser, retards the light by an 
additional } wave length, which thus causes interferwioe to 
take place at a whole wove length. The value of **•»*' 
then becomes 1, or multiples of 1. If the nicols ate rotated 
so that their vibratory axes are parallel, the effect of this 
additional | wave length is counteracted. 

This method of measuring retardations has been found 
in pKUotice to be reliable and accurate. In the remarks 
apparatus it was stated that readingu to plus or miiins 



Tabl> IX — ^Bstabdatio\8 akd Stbm 
Texulou Experiment, 5Ui Oetober, 1922 
Specimen 0 17x0 262 inohei 
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MSR o< which » 23 
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2m/* were possible^ thus for the first order” the 
retardations can be obtained to plus or minus 2 in 589 
taking* tlie wave length of hodium light as the basis. Again 
tor a higher order, say 4. the retaidutions would be within 
plus or minus 8 in 2,356 m /* (4 x 689). For yet higher 
orders this accuracy is hardly maintained on account of 
the dispersion of the iiiteifei^nce bands which make it 
more difficult to judge the position of their centres. 


Retardations Tcnsilc Stress. 



The «Ii'flFeren«*e lietween the two indices of refraction, 
or birefrin^iire, ran be obtained by equating the above 
equotions for retardations. Its value for the Mica used 
in these experiments is 0'0066 and ronstitutee one of ita 
permanent properties. The birefringence of celluloid on 
the other band is not constant and is proportional to the 
difference of two stresses P and Q actmg at right angles 
to eoch other, or more simply, as one of these stresses, 
(Q> is sometimes small, proportional to the direct stress 

(P). 
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RelaHon between Ueiard^titon and Strees . — The image 
ol the apeoimen under a direct teneile or compiessive Btreea 
wae focussed on the slit of the spectrometer. The tunes« 
loads, wave lengths, and oiders, for the tensile test, were 
all noted as leoorded in Table IX The readings for 
loading with the nicols ciohbed, weie alone used to obtain 
the curve of Fig, 10. 

Table X and Pig. 11 give the conesponding measure- 
ments and curve for the coinpiession test and on Fig. 12 


« 

Retardation Compressive Stress 



eoo 1600 2400 3200 

II Slf.** Iki.p»r In 


the two ciurves are re-drawn on one diagram, leference to 
which will again be made. This diagram clearly ehowe 
that the rate ol increase ol letardation with stress is 
greater for compression than tor tennion, a result which 
has a very important bearing on optical strew measure- 
ments. 

By taking the values of the retardations from the 
equations derived from these curves, vis., 

R“0‘49/'— 20 for tension (Pig. 10) . . (8) 

Bb 0*68^ +86 for pompreesion (Pig. 11) , (4) 

end substituting them in the birefringence equation (1), the 
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differcncea between the indices of refraction for either 
tension or comprewon “B|” and “B/’ can be found 
for any stress within the range of these experiments. 


Tablb X. — RiTABDATioif Avp Btusss CoMPBasnoK BxpXBXMnrr, 
17 th OOTOBIR* 1022. Bpeoimon, 0 277 x 0 168. 


KOOilllAl 

Aoitttl 


( 

0. 


StlMh 

mrMf 

BcUnUUofii 




Bamarki 

btMq la 

ttmtwa to 

Von 

Aok 

Uml 


036 

096 

606 

3 70 

366 


Loading. 

1,106 

1,166 

602 

3 76 

348 



2,040 

2,370 

2,100 

1,102 

360 

336 

340 


2,430 

1,386 

346 

8 38 


t* 

2,070 

3,030 

1,780 

S 60 

3 52 


9f 

3,4S0 

3,640 

2,077 

366 

3 61 


' tf 

2,210 

2,270 

1,386 




Unloddtsig. 

1,700 

1,760 

1,102 




036 

000 

602 





606 

666 

606 

1 






Tablh XI.— Bbam SxrjuiiiuniT. 


Stena 

IhaMq Ina 

TottalU 

Kahaidation 

Cfc 

OompraadTa 

RataraaluMi 

Oa 

200 

100 

300 

135 

8-74 


216 

320 

243 

800 

600 

326 

3 20 

877 

8'74 

800 

411 

306 

469 

3*42 

1,000 

669 

3 37 

608 

360 

1,200 

670 

334 

706 

8*60 

1,400 

716 

304 

820 

8*45 

1,600 

838 

3 10 

941 

3-00 


Mean 

3 16 

• 

8’87 


Thus:— 

Bi -(049/-20) lid (6) 

B, -(OW+36) 1/rf (6) 

wh«r» f " ig the nominal stress in Ibs./sq. inoh, and 
t/etbicknett in incbee. The fact that neither of thaae 
onnrea paiaai through the origin indicates initial retards 
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tion>8tresB. If ttiu initioi* strew be added algebraically 
to the nomiual stress, the actual stress on the material is 
obtained. These lattei plotted against retardations are as 
given in Fig. 12, and the modified birefringence equations 
become 

B,-=(0-40/) 1/d (7) 

and 

B,-(0’68/') lid (8) 


Rctakdation Stress. 



As retardation is equal to the birefringence multiplied 
by tile thicknew, and the birefringence is directly 
proportional to the actual stress, it follows that the retarda» 
tioo is proportional to both stress and thickness; 
introducing a constant, 

B-C.M <®) 

where 0 ” is an optical constant, f is the stress and 
d the thiohnees. 

* If enifona wkw, at no load, indieatM nniform initial strsss, thora 
Brass bs sa maal and moodte strsss toinowbore is th* naterlaL OsMosII|r 
this Misr is very iadMuta. 
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If ‘ f lepieseuts the nouiiDul stress tl en the two 
constants Li and ( ^ vary slowly with the stress, but if 
/ IS the at tual stress on the material then C| aie C« ai^ 
art true (unsUnts with the \alues ot and 349 

re^'peftnUy ste 1 ibUs IX and X 

It IS as (onsideied desirable to fheck these results and 
fw this purp<«e the tension ind compitssion sides of a 
beam undei a unifoim bendinir moment were e3k.amined 
The retaid itions wok a^^m meisuied with the help of the 
spectiometc r but in a shg-htly modified form the vaiious 

Beam (h Cxpcmmcnt. 

9JyLA6 6 Iba ina 

Siraaa«->lb« par a^ m Or^i 

9900 2400 eOO 0 12 3 



positions in the beam lieiiig lead otf a scale fijied in the 
eye piece I ig 13 induatea both the letaidation and stress 
curves from which the points with the distinguishing marks 
in Fig 12 were obtained (beam 1) Both the tension and 
compression points he dose to the lines plotted fiom the 
direct measurements and another set of tensile values a» 
alsg^indicated taken from a later experiment (beam 2) ua 
the retardaticniR were obtained by tht Mica Wedge 
^^thod Further confirmation is furnished from the 
ftpenmeata oif Prof E G Coker, I) Sc , PBS, aa^ 
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K. C. Chakkn, M.Sc , as described in their paper entitled 
“ The StresS'Strani Properties oi Nitro-Celluloee and the 
Law of its Optir'al Uehavioui.” ^ The uniform beadinj^ 
moment of 198 lb. -inches was selected as the uecessary data 
18 giren for obtaiiiin}; the retaidatious. Fi^. 14 has been 


Ordtrt Strau lU par In 



plotted from these values After the same restnoticns 
were applied as those imposed in the author’s experiments, 
vis., that no stress above 1,600 lbs. per sq. inch be con- 
sidered, and that the stress up to this value be taken as 
being proportional to the distance from the reutral axis, 
then 2 61 and 2'96 are the values for Ci and Ca which 
gives a ratio of 0‘886 as against 0 85 the ratio oi the values 
obtained from the direct experiments ci Tables IX. and X. 
and the ratio 0*885 (3 16 to 8’57) from the beam experiment 
of Table XI. It was not to be expected that the intrinaic 

' Sm FAff. Tnm»., ssrus a, voL SU. 
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Talaeb of these constants C| and C« would he the same with 
the different materials, but the fact that their ratio is 
practically the same, is a strong confirmation that the 
optical properties differ for tension and comprcHsion. 

Ifot*. — Th« unit* m th* aquetiaii B ^ 1 ./.A are m follows — 

« B " b in ft/i nnita. 

“/” !■ in lbs por (q. mob. 

** <f ’* IS m inohss. 

The late oi loading « as not as reGtalar as ooold be desired 
especially in the direct compression experiment as the 
apparatus had to be adjusted in order to obtain unifiinn 
stiess as indicated by uniform colour. 

V. — Stebss MaasuBKicxifTS. 

There are several methods by which stress may be 
obtained. All depend upon the prineiple of annulling 
retardatioou. 

(1) The method which has been greatly used* employs 
a standard tension specimen made from the bame material 
as the specimen under examination. In this the rotarda* 
tions in the standard smd specimen will annul each other 
if the direction of the tensile stress in the standard is 
arranged to be at riglit angles to the tensile stress, or parallel 
to the compressive stress, in the specimen, as the case may 
be. This method will he referred to as the “ All tansioa ** 
method. Before stress determinations are possible taro 
important conditions must be fulfilled. They aie: — 

(a) That the properties of the material of the standard 
and that of the specimen mnst be identical, and 
that the thickness of both specimens must be the 
same 

(b) That the rate of loading of the standard is the 
same as the rate of loading of the speeimen. 

With reference to (a). If tensile stresses are to be 
examined by a tension standard tbeii this condition can be 
fulfilled, but if a tension standard be employed for the 
examination of oompreshive stresses, this oooditioo can no 

A ' Bm PkU. TVeuu., MriM A, voL S91, and other {wpws by Mf. 
•b. Q. Celmr, F.R.& ' 
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longer be satisfied. Th^ properties of the material in the 
standard and the sper^imen now differ and their thicknesies 
are unequal. The change in thicknesses is very small and 
can be neglected ae a first approximation. The difference 
between the optical ppoperlu*s ns shown by the values of the 
constants Ci and are to great to be neglected. The 
method of averaging them is not recommended, althongh 
this reduces the error on the compression side, it introduces 
an equal erroi on the, otherwise correct, tension side. 
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The following correction, if applied to the compression 
side as examined by the ” all tension ” method will pve 
as aocnrate results as for the tension side. 

Fig. 15 is the result of an experiment made on a beam 
of 0'76 by 0‘17 inches supporting a uniform bending moment 
of 66 lb.>inohes. It hoe been shown that a greater tensile 
than oompressiTe stress is required for the same retardation, 
and further that these are thra in the ratio of the oonstauts 
C| to Oc, 2*96 to 8*49. If then compressed retaxda. 
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tioQA bft animlled with a standard tension meonber (the 
retardation in both standard and Bpeeimen being of the 
same value), the stress as measured by the load on the 
standard, must be reduced in this ratio. Curve A ’’ in 
the iigure shows the oompresaive stresses as obtained by 
the All tension method, and Curve B ” these values 
corrected in the ratio of 2 96 to 3*49 It is seen that the 
curve, so altered, is now continuous and symmetrical. To 
check this distribution of stress this continuous curve was 
integrated, with the result tliat the internal moment of 
56*6 Ib.-inches was obtained, us against the applied bending 
moment of 66 lb. -inches. 

A very important and fundamental principle is involved 
in this experiment. In the previous beam tosts the stresses 
which oorrespund to the measured retardations were confined 
to values within the elastic limit, but in. the direct tension 
and compression tests (Figs. 10 and 11) the stresses were 
much higher, in fact were taken to values approximating 
to double this value. It is seen — and this is the important 
part — that these higher stresses are still linear with the 
retardations. How far this law actually holds the Author 
has not as yet attempted to di^icover. In the beam test of 
Fig. Ifi the parts of the curve for stresses in the neighbour- 
hood of 1,600 lbs. per sq. inch, begin to bend more and more 
inwards as the outer edges of the beam are approached. The 
retardations at these places in the beam have been annulled 
with a standard under direct strees, which stress has been 
proved to be linear with its own retardations, hence the 
retardation at any point in the beam must also be directly 
proportional to the stress at the saCme point. From the 
bends in the symmetrical curve of Fig. 16, it therefore 
follows that the stresseH beyond 1,600 lbs. per sq. inch are 
not proportional to their distances from the neutral axis. 
Thus a wide field is opened up for detmnining the 
distribution of stresses which exceed the elastic limit. 

(6) The second condition can only be partially satisfied 
in tests other than simple direct stress determinations, 
which are very seldom required in practice. When a" beam 
18 loaded the extensions of its various layers are subject to 
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time; the l<mger the load is applied the greater these 
extensioiui become, unlees the point d equilibrium has been 
reached. It the retardations in the beam are annulled with 
a celluloid standard, the time intervale of loading of the 
lattei can only be the same as that of the beam for the 
first application of the loads. With an additional load 
applied to the standard it is by no means certain that the 
proportion between the resulting retaidation and the new 
stress in the standard will be the same as the proportion 
between the equal and opposite letardation in the beam and « 
the oouesponding stress in the betini. By delaying the 
readings until three or four minutes after loading the 

OtsTRfiuTiON of Srncsi % Bcam. 

Unhr Uniform tenJing MomonA 



0 1000 2000 3000 4000 

Fig. 16 . 


Atandard, the effei't ui unequal time intervals is reduced. 
Tliia will be better understood if refetence is made to the 
curves connectin? extension with time at constant strese 
(Section I.), where it vill be seen that the ffreater portion 
of the extension has already taken place for similar periods. 

(2) The next method of measurement is the same as that 
adopted in the earlier experiments. This consists in annul* 
linur tensile retardations with those of a tension standard 
and annullini; compressive letardations with those of a 
oompression standard Fi;;. 16, the reeuU of a beam tast 
carried out on these lines, shows that the isnsile and 
compression portions of the stress distribution curve are 
oontmuons and symmetrical. Although this method saiitdee ^ 
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condition (a) it is very difficult to control, and liaa tho 
dicadvantage of having' to alter the testing machine from 
tension to compression to accommodate the two standards. 
To satisfy condition (&) similar precautions to those adopted 
in the All tension ” method have to be taken. 

(3) Direct measurement of retardations with the 
spectiometer are only possible in simple cases of stress 
determinations and for the more oomplioated cases the two 
following methods gsve good results. 

” The ” depends on annulling the retardations in 
the specimen by means of the retardations of Mica sheets of 
definite thicknesses, and will be referred to as the “ Mica 
Wedge ” method. The relative retardation of each sheet 
uas very accurately measured, care being exercised to 
correctly orient each sheet at 46 degrees with its extinction 
direction. These sheets weie substituted for the standarde. 
The advantages of the *' All tension ” method were thus 
retained, with the additional gain of having a real standard 
the properties of which are constant and entirely indepen* 
dent of time ; by the simple process of placing these sheets 
over each other, the retardations may be added, or 
subtracted, according to whether the sheets ars arranged 
parallel to, or at right angles to, their edges, which were all 
cut at 45 degrees to their extinction directions. On several 
of the figures will be found points which have been obtained 
by this process and aie given as affording another check on 
the work By judicious selection of the variouB thiokneeses 
the interval in the value of the retardatiods which these 
pistes will give can be made as small as necessaiy and it was 
found that intervals of 100 /t i* were sufficient for most 
purposes. If the object of an investigation is stress distri- 
bution it is not imperative to know the proportion botween 
retardation and stress, if, on the other hand, the actual 
stresses are required, then experiments similar to ihoss^ 
already described for direct tension and compression, or 
beam tests, must he made with the same material— if 
possible with the same specimen. Often, however, the 
retardation or stress is wanted at some particular place and 
the mica rbeete available have not the requisite thickness. 
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In “ th€ iecond ” method this difficulty is removed 1^^ 
adopting what may be termed the “ Single Mica Sheet " 

Tablb Xn — BaTAKDATioirs amb Aiic>lb or Ini loaMov roa AtioA Shut 
( ll + H) BOTATBD ABOUT A AxiS, ^TH jANUAHYt 1923 


Indioet fA refraction of mioa used— « 5609, 0=^1 5941, y 5997 
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metliod. By rotating a mica sheet about its ( 7 ) vertioal 
axia or its () 9 } horizontal axit the uniform colours (retaxdai* 
tions) alioTy increasing in value in the former case and 
decreasing at first in the latter ease, and then after a oeetaiii *■ 
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angle known an the optir axis ang-le m air has been reached 
inrreaving m value until it becomes larger than xU noimal 

Vamation •! Retardation. 

laciJtnl 



Variation j Retardation «Kk Ancu.! iNciDiNTLieNT. 



value Tables XII and XIII and Figa 17 and 18 give 
the values and curves obtained botli from experiment and 
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oal«ulaiioai, the latter from the theoretical lawa given heloiv, 
'tor which the Author ia indebted to Mr. B. O. Luimon, 
M.A., B.Sc. It ifl theae laws of which the birefringence 
equation (1) za a special case. (See Appendix I.) 

By mounting the mica sheet on a univerBal stand in 
whioh angdee can be measured to one minute or leu^ 
oontinuoua values of the retardations to practically any 
desired accuracy can be obtained. By this simple means 
retardation measurement is reduced to the extremely 
oonvenient operation of measuring angles. 

VI. — FxmTHBa OmcAT. PnoranTixs. 

The similarity of the phenomena when streesed 
celluloid or mica are examined under polarised light led 
the Author to conclude that there must be some closer 
connection between these substances than it was customary 
to think. Mioa ie a bi-axial crystal^ which means that it 
possesses three principal indices of refraction s 
a being the least and nr the greatest* jS being of an inter- 
mediate value, the nearness of which to the others deter- 
mining the sign of a crystal. For instance if the value 
of P is nearer to that of as in the case of mica, then 
the crystal is negative, if on the other hand p is nearer 
to a the crystal is positive 

With strained celluloid the problem resolved itself into 
two parte (1) To discover if it behaved optically as a bi- 
axial crystal, and if so (2) what measurements could be 
made to sulwiantiate this. The most obvious, vis., to 
measure the three principal indices of refraction is 
extrem^y difficult, but nevertheless, ia being attempted 
for a reason whudz will become apparent later. 

The next attempt made woe to examine a piece of 
strained celluloid under convergent polarised light. This 
actually showed that the particular specimen used behaved 
as a bi*axial crystal. The oharactaristio figures, howerveor, 
were very indirtinot, and all that could be said wis that 
the broshee moved in the correct manner. 

!fhis was quite sufficient to indicate the pretence of 
the two optic axes, and it maeined to devise means by 
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the angle between these could be estimated The definition 
of an optic axis tis — that direction in which light passing^ 
through a crystal sufiers no double refraction— suggested 
the following method which is very similar to that whidi 

VkfiiATioii ji Optic -Axis Ancle. 

w ik Sirtit or Rtlard*.! on 


Ttn» U T«»l Sf«« ni»n oS •! T«i>tlo 




had already been adopted for measuring the ratardatum 
vanation with the angle of rotathm in the aingio ittMia 
■heat expenment 

A beam of parnUel polarised lij^t was arranged tS laU 
on the specimen of strained odluloid in moreasiag ani^ 
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of iBOidmioo by rotating tbe apecimen and m th« polutioM 
of maximam darkness tbe angles were noted These 
positions of maximum darkness correspond to the duection 
of no refraotum te to the optic axis angle It was lound 
that theee angiee altered lonsulerably with stress, the 
alteration being very rapid at first 


Tabu XIV — Optic Axis Amu ahd Load 
TnitilsTast Speounm 0 264x0 17 imdies 
Msterisl with mitwl tMuiicm 
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The first quantitatiye experhnent made was with a 
standard tension specimen the material of which possessed 
an initial tensile stress Fig 19 and Table XIV show 
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how the angle changed as the tension meseasM In 
expenmentt only half tiie anrfas betwesn thisootiio nnK 
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veiv luf^isured as tlie Ttliole angle ih sjonmetncAl about the 
normal position and are lecordod thus in the Tables 

The se and expeiiment was made with a beam having 
initial cojupiession Both Ihe tomprebsion and tension aides 
aere eiiamiued at paitirulai distances on either side of the 
neutral axis and all measurements ^VBn in Table XY refer 
to these two positions 
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The lucreasi uf siiest. waa obtained by increasing the 
bending moment on the beam and the retardations ware 
measured by the mica wedge method It was found that 
the optic axis angle for the tension side was in a plana at 
right angles to that containing the optic axu apgla for the 
compression side This fact not only strengthens the 
argument that strained celluloid behaves as a bi-iacial 
crystal but places the phenomena amongst those bcdongmg 
to orystafo, the axial planes of which are inverted under 
Mutabte renditions Figs 20 and 21 show the mifves 
fditained l|y plotting the measured angle against 



the load on the beam or th© retardations On the flgiiws 
small diagrams are added to show the nlative poSitmoa 
of the incident light and the specimen 

Variation o\ Optic- Axis Ancle. 


w ih Stress or RelarJat on 
Besm Test (Tension s de enijf) 



RstsrJst ons Ji JJ 



RetarAt ensjU JJ 



As a cheek on this important reeolt the same speaingiaB 
was used in a direct tenuoii eKpenment The toads 
put on at flnt so that tho initial oompresnon was if)bw^ 
reduced until quite oounteraoted Fig 32 tita* xosulN]^ 
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oorre u otmootly of the same oharaoter as that already 
■homi Farther, the seoaate of the angles are plotted 
against the load in lbs with the result that two straight, 
or apprOKimately straight lines are obtained and the 
interesting fact emerges, that the inclination on the tension 
side IS greater than that on the compression side, a similar 
conclusion to that already obtained from the direct tension 
and oompression tests of Figs 10 and 11 

The third and final test was a re-tnal of the beem 
expenment usmg again the same specimen with initial 
compressioii In this the actual retardation measurements 
were made for the tension side only of whudi Fig 24 is the 
graph Another curve is given in Fig 23 in which the 
angle is plotted against the vanous positions in the beam 
By connecting tbe information from these two independent 
experiments, the required relation between retardations and 
the angle is obtained and is givmi in Fig 26 whera it is 
seen that the curve is becoming less steep as the value of the 
angle inoreeses 


Tabls XVI — Omo Axis Amiu amd Load 

Xenskn Tast —SpaeimMi, I'xO 17' 
UsterUl with initiel eumpiwwton 


Obit Ami* 

1m 4 In nn 


J4'»-80 

0 

Initud oompranioii 

jr- 0 

S 



17'^- O' 

le 


p» 

10“- 0 

u 



0"- O' 

S8 


Abnorbed 

l“-30 

80 

Tmioo 


0 

48 

ff 


iO*- O' 

« 56 

tw 
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ToluM €|f tile optic axis angle in air could have been, 
obecked from the relation 

Sin E •• a 

>»- a* 

where “ E ” la equal to one half of the optio axis angle m 
air and a, fi an^ 7 are the three indices of refraction which 
4ter with atreea 
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VII — COWCMTSIOWS 

tl) In the tranapareni substance celluloid strain is not 
only a fnnotioii of stress but u a innctioa of the tune tiia 
stim has been applied 
(o) X-A+B<»-/(0 

giTea the extension after the load has been applied " t ** 
minutes, the tune being reckoned from the instant that tba 
full load has coane upon the specimen A is a oonsiank 
which may be looked up<m as the instantaneous extensran 
under a given stress If the corresponding value ol 
Young’s Modulus be taken ** A ” may be calculated in tiwi 
ordinary way " B ” is another cdnstant and aeema to 
depend upon the magnitude of the difierenoe of atnss 
" n ” aeeiBia to be SMirue o<Miaiant, wboae value aa gtuMf b^ 
theae espeamaiti is equal to 08M f(t) la 
of the tune vrhos« value is aa yai indafinitsTr 









(J) E-X-C/f- 

givea the uoutraotion (recovery) after the load hai been 
removed “ t ’* minutee. “ X ” ia the extenaioii from whkh 
recovery commences and “ O " is a constant which i^iipean 
to be independent of stress, “n’ is another oonstant 
whose value is equal to 0*86. 

It should be noted that “ X " and B ” give the 
increase and decrease in extension with time for a series 
of consecutive loadings or for a single loading. 

(2) Extensions and contractions are proportional to 
stress only after equal periods of loading or unloading. 

(3) The value of Toung's Modulus depends upon the 
previous treatment of the mateiial. Ctenerally it decreases 
with use, but in any given experiment the unloading value 
is greater than the loading value. 

The maximum variation obtained in the experiments 
was —28 8 per cent., and apfdies to the period covering the 
three experiments. In the third experiment alone, the 
maximum variation was 8*4 per cent. 

(4) Stiess and retardations are linear iat equal intervals 
of time. 

(6) The proportionality of stress to retardation differs 
for tensile and oompreesive stresses. The ratio of the 
optical constants Ci to C, has an average value of 0*866. 

(6) The *' All tension ” method for compressive stress 
determination must be corrected in the ratio of the 
constants Ci to C,. 

The effect of time can be reduced by delaying taking 
observations until a few minutes after loading. 

(7) The substitution of Mica for the material of tike 
** standard " leads to accurate measurements of retaxda- 
tkms. If the law of stress-retardation with time be known 
friim divBOt »periments, detmninations of stress for oomp 
plicated oases are possible. 

(8) The *' Single Mica Sheet ” method is an octrenuly 
sensitive and accurate way of measuring letaidaiioiis. It 
posseMs the «Bormous advantage oear ether methods in 
that the values of the zetaidatioos may be dieoked by 
physical laws givan in Appendix I. 
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It also possesses the asset of simplicity as retardathm 
measurement u reduced to the mere process of measuring 
angles. 

(9) Strained celluloid behaves as a bi-axial crystal. 
This follows fiom; — 

(a) The movement of the “ brushes *’ when viewed 
under convergent polarised light. 

(ft) The presence of the two optio axes and their 
measurement at constant and varying stress. 

(s) The inverbum of the optic axis plane in paseing 
from tension to compression. 

Another confiimntion may follow from the measnremeints 
of tlie principal indices of refraction. The optio axis angles 
calculated from these should check the values found by 
experiment. 

The importance of finally establishing the behaviour 
of strained celluloid when examined under polarised light 
cannot be oveiveetimated. Boutme work for Engineering 
purposes cannot proceed with any certainty until the 
probable errors of the various methods are better known 
and appreciaied. 

The Author wishes to state his great indebtedness to 
Prof. Enganeer-Cbmmandsr C. J Hawkes, B.N. (retired), 
M Sc., foi granting the necessary facilities and to many 
other of his colleagues of Armstrong College in the 
University bf Durham, especially to Mr B 0 Lunnon, 
M.A., B So., for their kind help and criticism as the work 
proce^ed, and finally to his Senior Students particularly 
to Mr E. W. Houston, B So., for his enthusiastic help in 
taking the necessary readings. 
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APPENDIX I 
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THE BIOLOGY OF THRINAZ MIXTA KL AHD 
T MACULA KL 

Bt A. D PEACOCK M 8a 
[Em* T*d Ju]]r ISaa.] 

In the Entomologuts Monthly Magazine oi July 19<20 
the late Or Chapman gave notes on the hie history of 
Thnnaa mucta the larvte of which had been obtained at 
Albnry Surrey Since then I have found it and its near 
ally / macula in the North of Bagland and have reared 
both species but while certain of my observations corro 
borate or supplement Dr Chapman s many new featmes 
have been noted 

Larvte of both species were found in good numbers 
generally — as many as 8 10 at one beat from a clump-^on 
Aikyrvum felt* fmnma as follows — 

Jum 9 KMt tai th* graoBdi of Bevanswoctli Osstle Oo Doriuun 

Jons 14 IMl a tv* ^>eoinMBS in s nuasd wood at Wmlatan Mill Os 
Durham 

Jnns 19 99 1991 m a paw wood on Bonghslds Moor Oo Dnriiaa 

Jaw 91 1991 m a auzod wood at Pradhoo Hall jost on tlw Mocth 
wnbarland sids of tho KorUnunhsrland Durhui botdor 

Enslm itatea that the development of Thnna* species is 
unknown so that Dr Chapman s and many of my notes on 
m*ta are new as likewise are mine on matvla the larva of 
u6ueh aooording to the same authority is unknown La 
view of the signifloaaoe of thMe facte to the ooUeotor and 
systematist I deal fbrat with tite diflerentiation. of the ttro 
types of larva but ae my rearing eocpenmente were pnf|Mr< 
pslly eottdneted for obtaining oytologioal material I a«a «i4y 
able to treat of the matter briefly and generally 
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2 5 nunc brood (0/ 
Caiopmon, who giree 21 
mmc tor o Urge cpeoi 
mm) 

Fupo About three doyi befcso 

turn bnnowmg the middle 
oolonr thud ol the body diowe 

ahoage br o wn owing to oolonr 

of fit body 


maenla 

Heod li^t brown, eyes block 


Body doreolly o coft, eomeiriiot 
light green, the got when fall 
■howmg dork green oloag the 
nuddlehoH of tbebook, lotcfoUy 
(through lenc) very li^ yellow, 
ohnoet white, ventroJly olmoct 
white, no rump cpote 

Full grown, 15 mmc long 2 mme 
brood 


Donolly-HUitttnorly ond poeter 
lorly for obout one fifth ol len^h, 
o cloty green, median portion 
brown owing to oolonr of fat body, 
Jatecally and ventmlly pale, eUty 
blue while, m addition, ^ to 
oolonr of fat body, the belly may 
ai^ear cojBhiced with pmk whi^ 
giree it a pale lilao ookntf 


The characteiuitic pomts of differentiatioa are the 
preeence or abenice of the double gemi-oircTilar border on. the 
occiput, the sue, the ooloure durmg feediBg and just prior 
to pupiUion, and the pveeenoe or abeenoe of the tm> bleek 
aTUmp epoti 
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lam HmoKT 


Dfti«s ot iittAgbuil em«r 
geooe 

No of eggi per fetnale 
Xhonbfttion period 
LuTftl period 
Papal period 
Longerity of nnego 


m«vfa 

Prom April S9 May 8» 19S8 
80 30 
10 daye 
10 81 days 
10 11 monihe 
11 days 

^8 


Moeafo 

May 8 17, 1988 
t 

8 da 3 re (1 experaneDi) 
17 daye 
10 10^ monthe 
9lldaye 


1 rom this summary and oth«r facts to be noted, nu^eta 
and macula eae obvionaly parallel speciefi ’’ such as exist 
among the Lepidopteia, e g , the autumnal moths Opotabva 
ddutata and O auturnmata and the daggers Acmyoto 
tndoM and A p$i 

Technique In these breeding experiments the collected 
larvce, which were mostly well advanced were easily reared 
on cut fern placed in water kept in glass jars having the 
ox>en end covered with fine muslin When the larvae were 
judged full-grown a mixed litter of dimp peat, coconut 
fibre and s'lnd and piecee of soft wood were placed in 
the real mg jar, both materials being need in case the 
larv® had a particular preference A few specimens of 
|both species did make use of the litter and metamorphoeed, 
but the greiter majority used the wood The wood and its 
contained larv-e were kept in closed glass jars or tins over 
the winter At the time of imaginal emergence the local 
ferns were still uncurled but potted plants each covered 
with a large glass vessel proved quite suitable for expen- 
ment Both species prov^ readily parthenogenetic 

EggAa^ug onJ Intmha^ton So far as observatums 
went there seems no great differences between the species 
The female takes its position on the under aide of the leaf 
of the uncurling fern — this surface, of course at this 
period being the exterior portion of the leaf — and bends 
the postenoT half of abdomen almost at light angles to 
the rest of the body The saw is protruded in a directioii 
almost u the same line as the long axis of the flexed pos« 
tenor of the abdomen and the act of sawing is iMiberats^ 
somewhat slow and u assisted by lateral abdominal iMv#w 
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jneni«. This method is different from that nned by eueh 
slit and groove-making' saw-fliee as I have observed in 
which the saw is like a radius the tip of which moves in the 
arc of a circle. The reason for this difference is apparent 
when one observes that the egg is placed in position in a 
peculiar manner. The procedure is that a very short slit- 
like perforation is made in the main vein, oi one of its 
branches, from the under surface so that the fluid egg is 
almost entirely expressed through the hole and comes to lie 
in the uppw (inner) face of the leaf. But, when moat of 
the egg has been passed, the withdrawal of the ovipositor 
is made in snob a way that a small portion of the egg is 
retained and nipped in the slit. This portion resembles in 
profile the hallast-ke^ of a racing yacht. Dr. Chapman 
had evidently not witnessed this operation for, while he 
recorded this curious relationship between egg and leaf, his 
suggrestion of how it comeb about was errooieous. The 
rationale of the mechanics is explained therefore by the 
facts that the saw '* is used more as a borer rather 
than a “ slitter.'* 

Two curious features present themscdves therefore, 
firstly the “ pIaoenta4ike " relation between egg and leaf 
to secure osmosis for the incubational swelling and, 
secondly, the protection of the egg, in the early period at 
least, by the folds of the leaflet instead of by the internal 
tisanes whioh surround the egg laid in a cavi^ of leaves as 
in so many other species. 

The dimensions of the newly-laid egg of macula are: 
long axis 1*6 mm., broad axis 0*7 mm., side to side axis 
0*7 mm. The egg towards the end of inonhation may 
attain lor these axes respectively 1'76 mm., 1*2 mm. and 
1*0 mm. (See Figs. 1-8.) 

The incubation of macula is illustrated on page 860 and 
B&ows the shape and the positions assumed by the embryo 
at various development and also the great inoreasa 

in 'volume m the egg during the proceas. ^a stages oould 
be dictinguished quite clearly with the aid of a binocular 
dissecting mioroeoopc during the fixation of the eggs in 
lOamoy’s fluid but, as tihe fixative appeared to ebrnk tho 
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fpecimaiii — tk« emluryoB at leaat— tkeir actual dxxnenftt<ms 
should be a little largei than those hgured the embryoe too 
become detached from the shell usually Unfortunately I 
was unable to obtain full data relating to the ages of ther 



fim 1— I H|giaol7%rMa«fiiaMtosbovliia in stageiiadflvelfnpineat 
aatirior tolaft potterior to right iTlg 1 newly lud egg snowing 
tapered upper pole and en^oriBg pirooees ooupUtwj filled w th Tcdk 
Fig e oontelning dereloidag embryo nearly eniTonndukg the reridaal 

TDik I finfioB hee ehnink the mnbrm away from the riieU F g S Urra 
Bi egg nearly rea^ for hatohing the poetenorabdmnlnalMgment almoet 
hides the head llote in S end 3 how the egg has moreeeed in rolttme. 
Fie 4 larra seaUng mourii ^ b ar r o w 

Fie $ How the sealing memhemae is laid down The dotted linee represent 
m^ily the poeltion of the membrane margia at snoeeaeive stagee the 
foaer eooentrieally plaoed eirole is the lest area to be eseled. 

eggB ooiteernttl It ilumld be noted tbet on laying the 
ytdk also fiUl tbe egg peg but disappeara {ram It aa 
^lareloflinent prooeeda ^e oneniation of ^ egg ani 
•mfaiyo nmy beat be diacnaeed u relation t^ibe aliape of ibe 
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egg and its peg; the anterior of the egg is the region in 
which lies the anterior of the embryo, the peg at this aspeoi 
having almost a straight edge; the posterior of the egg 
bulges outwards and contains the posterior portion of the 
embryo while the posterior edge of the peg is convex. In 
profile the set of the egg on the peg resembles that of the 
human head on the neck ; the rounded point of the peg is 
directed downwards and somewhat anteriorly. In one 
inatanoe the embryo occupied a reverse poeition in tbs 
shell, and in my only example of mtsto the embryo lies 
upside down with the head end directed anteriorly. How 
far this is typical of muita T cannot «ay. 

Tjorval Life, The newly hatched larva of mista has a 
clear translucent head, black eyes and brown-tipped mouth 
parte; the body is opaque white and dorsally, along the 
middle third of the gut, there is a streak of orange marking 
the position of what is probably lesidual yolk from the egg. 
In my experiments, despite the facts that the living plsmts 
ware covered by glass vessels and undisturbed except for 
daily inspectioa, a large number of young larvse died 
through falling from the leaves to the soil and there drying. 
This feature I have observed to occur in other species in 
the early part of the year, t.g., Prutiphora palhpes and 
conclude that, if this is what happens under sheltered ccmdi- 
tions, the mortality in nature from this cause must be 
considerable. 

On one occasion when unfamiliar with their habits, I 
witnessed a striking and curious phenomenon in one of the 
large breeding jars where about 50 larvae were reared on 
fronds of fern. Chancing to look at the jar one afternoon 
I saw the insects cniwling rapidly in all directione on 
the sides of the jor and over the fo^ plant in a high state 
of excitement — feverish it seemed. As they were well- 
grown and declined to feed I anmoised th^ weire in a 
migratory and pupation frensy, so pieced pieces of eoft 
wood in tEe jar. The larvse immediately settled quiedy 
on the wood and commenced boring. 

The intereeting operation of boring was observed in the 
case of maogla. Two larvse commenced tunnelling n pieoa 
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of 0 oft beech in the mornings and after about 7 hoars had 
escavated to such a depth that only their rumpe weiro show* 
infiT, A few minutes later one was in a reversed position 
working' with its mouthparts at the entrance to the burrow ; 
the other did not i averse until 2 hours later. The precise 
method of reversing I did not observe but it was so speedy 
that 1 am inclined to think that the larvse turned in the 
burrows and did not forsake their shelter at all. Once only 
one of them retreated until its posterior half protruded but 
possibly the movement was only for the removal of saw- 
dust, After revei'sal one Sarva put finishing touches in 
shaping the mouth of the burrow and then proceeded to seal 
it. These operations were obseived with a binocular dissect- 
ing microscope. The cateqiillar nibbled and undercut the 
wood just inside the mouth of the tunnel, the sawdust being 
stored in the phaiynx. Silk was next extruded frmn the 
labial pap and, simultaneously, comminuted wood extruded 
from the mouth .lud, by the working of the mandibles and 
maxilhc against the flattened labrum, all the mouthparts 
fashioned a portion of a thin membrane of these materials, 
periodically the pharynx was replenished by freshly nibbled 
wood. During the final stages of plastering the membrane, 
when the aperture was becoming very small, the arrange- 
ment of the mouthparts could be seen at times in front 
elevation, and this permitted one to observe that the wood 
and silk were admixed for plastering. How far this happens 
during the initial stages of sealing I did not observe, and it 
is quite possible that the silk may then serve as a support or 
cement for the reguzfritated particles of wood. Wheh the 
sealing membrane was being spun the head of the larva 
described the orbit of the burrow entrance but laid down the 
material in greater quantity at one region so that the small 
orifice left toward the end of the operation occupied an 
eccentric position. As long as it was able the caterpillar 
used the labrum, so admirably adapted as a smoother and 
flattener, outside the membrane hut when the orifice left for 
sealing was too small to permit the labrum^s extrusion the 
method of completing the sealing could not be followml 
prooieely but it appeared as if the oaterpiltar just plugged 
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the hole. The burrow itself has a smooth lining in which 
silk can be detected and the smoothing of the burrow is most 
probably performed after excavation and before sealing. 
When the larvte were discovered to be wood burrowera, my 
curiosity wuh aroused as to wliat happened in nature 
becatiM>, to the best of my ret'ohection, one wood at leasts 
the mooi pinewood — did not contain any soft wood suitable 
for pupation. Another visit, however, showed that there 
were fallen trunks in the right condition for boring, but they 
lay at distances up to and beyond 20 yards away from most 
of the clumps of fern on which the larvs fed. The ground, 
too, between ferns and logs was rough and uneven. These 
are fair distances and somewhat rough going for larvie to 
crawl and, unless they possess an instinct enabling them to 
find the nearest way — an instinct the existence of which I 
doubt — they may wander perforce much further before they 
stumble upon their resting quarters. But in view of the 
wild energy displayed in the rearing jar it would appear 
that such a migratory effort from food plant to logs would 
be within their powers. The rearing experiments, however, 
show that pupation in litter is possible so it is quite likely 
that the naturol litter of the pinewood would aim serve for 
resting quarters.* 

Pupation. The re^ItvQ pertod for those 1921 larvm 
which hatched as imagoe in the spring of 1922 proved to be 
10*11 months for nuata and 10*10^ months for maeida. In 
the case of larve reared in the laboratory daring 1922 and 
kppt there over the winter the resting period wosild probably 
have been a little shorter — about a fortnigbi— becauM my 
disaeotione for oytological purposes made on Maicb 20, 1923, 
showed the pupte to be so well-advanced that spmma had 
left the testes. (The laboratory temperatures, owing to the 
position and natute of the room were not above those of the 
outside.) This probability of early spring emergence 
reoeives oorroborstion from the het that other experimental 
species, Pteronidea ribesii and Prittipkora boili 

* My Mwdt UIm R. T, Ohswstr, nskM th* wafal sa gn S tt os tliaS Mw 
tarm mrraw uto th* fm leoti. 



878 


early eining emergen-— appeal^ a fortniglLt to tliree weeke 
earlier thaii laat year. 

Deferred Ewerffence. Certain healthy maleB of wieta 
whose larval year olasa was 1921 were disoovered changing 
to pupce in the larval skin and dissected <m March 20, 1823. 
A single larva of 1921 also wae found but as the very small 
gonads were lost during dissection the sex was not deters 
mined. Another larva of 1921 wna still alive on July 11, 
1923, and, at this late date, is hardly likely to emerge as 
an imago this year The larvce of 1922, the ofFspring of the 
1921 collection, were nearly all dissected during March, 
1923', but, on July 11, 1923, 6 healthy larvse were found in 
wood. 

Concerning macula a female whose larval year was 1921 
hatched on May 3, 1923. 

Hence both species may rest an extra year before emerg- 
ing and one speoimen of miata shows every sign of resting 
two extra years. 

Imago, The dates and order of emergence of adults from 
the 1921 latvw were as follows : — 


1922. wwrto 

Apr 29 L (emala. 1 male. 
Ifsy 2 2 tamalM 
„ 8 1 female. 1 male. 

„ 6 1 female. 

„ 6 1 female. 

,,8 2 females. 

1923. 

Mar. 20 1 male. 


1922 maeula. 

May 8 1 mi^le. 

Iff 1 female 

„ 17 1 female 


1928 

Kay 8 1 female. 


These numbers would have been greater but for the facts 
that certain larves were given away, some were dissected and 
some were parasitised, while the next generation (1922-8) 
were obtained parthenogenetically. By combining the 
results of rearings and dissections of the 1921-2 generation 
I obtained 17 femalee and 4 males! of mtsia, plui 1 
ichneumon, and 3 females and 2 males of mamda plus 6 
ichneumons. From the figures little can be skid as 
diftanntial sex ratios or times of emergencb of the lexe#. 
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Pnrfhemgenenis. Both apeciOH are readily partheno- 
gienetic and, with me, arrhenotokous. In the case of 
8 pupce, either in or out of the larval skin were males ; the 
sex of one larvo, dissected before the caterpillar burrowed, 
was not determined ; six larvae, sex undetermined, are still 
resting- July 11, Twenty puixe of macvla weire all 

males. These results are important because they are at 
variance with ihat of v. lloeanin who, aocordingf to Winkler 
(3) states that from partlienog^enetic of mijrta he 

obtained 1 female which laid parthenugenetic eggs from 
which emerged 7 laivu*. Three possibilities suggest them- 
selves to nr{»unl for ilicse different finding**, vis., (1) V. 
Rossum’s laboratory strain may have become contaminated 
bv the addition of a wild specimen which had been 
sexually produced and introduced with a food plant; or 
(2) the species is usually arrhenotokous but occasionally 
produces a female parthenogcneticaJly; or (3) the species, 
according to locality, may show differential parthenogenesis 
as in Ihe case of Trial euroyen rapomtioram which in 
England is feinale-producing and in North America is 
male-producing. 


filTMMARV. 

1 . New features of the dUtribntion, life history and biology of TAHnojr 
mxxia are deBonbed and an account of the life hiatory Mid biology of T, ntaevta 
given for the first tunc. 

2. The larv0 of the two specioe are differentiated. 

H The two speoiee are ^'parallel apeoiea.” 

4. The method and rationale of the laying ol the paouliar eggs are given 
m detail. 

5. The operation of burrowing by macula la deaoribed in detail. 

6 Both spcoiea may defer emergence for a yeu; one specimen ol mivfa 
diows every sign of postponing emorgenoe lor two years. 

7. Both spoolea MWrrheiiotokoasly partbenogmetiof this result is at 
varianoe with v. Koapw'^e findings in the case of mta^. 
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THE PHIL08()P[IY OF N. O. LOSSKY. 

fir H. TOMKKIKKF, 

[R««d February 22nd, 1923*] 

Prof. Lossky is lli(« first BuHsian philosopher i<i attract 
the atteution of Westoiii thought. This fact alone attests the 
originality which chaiacteiisas his philosophyi and which ia 
recognized us giving it u prominent position in the foremost 
rank of modern philosophical developments. 

Uussian tliought, u product of the iusiou of East and 
West, from its very beginning proved to bo deeply philo- 
sophical. But although philohOpLisiug in general is an 
inherent feature of the lluNsian ehuroi^ter, Uussiu on the 
whole has not produced any promineut school, and the history 
of Russian philosophy eniinot be cumpuied with tliose of other 
countries. Busnia did not leceive the inheritance of Greek 
philosophy, nor did she pu^s through the period of scholae- 
tism. Moreover the tendency of Russian philosophy was 
mainly ethical. The problem of value for a Russian was 
always superior to that of being, 

I’rom the veiy lieginniug, Russian philosophers were 
deeply influenced by toreign sources, but it is not without 
significance that the first of any importance — G. Skovoroda 
(1722-1794), was a follower of Neoplatouists and early 
Christian philosophers. During the great intellectual 
progress made by Russia in the 19th century, philosophy 
stiU bore an eclectic and imitative character. Epistemo- 
logical foundations were lacking and it was preoccupied 
mainly with ethical and social problems. Philosophical 
systems w'ere wholly imported from abroad, to serve as a 
basis of ethical teaching. They were mainly of a 
dogmatic character and critical philosophy never got a strong 
footing in Russia. German idealists, materialists, positiv- 
iits — all of them had their share of influence. But in the 
second half of the 19tb century arose a more or less origiiial 
sdiool of RuBsian philosophy. The Bkremnner of this 
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movement woe P. YouTkevitch (1827'1874), who wrote luder 
the influence of Plato and in opposition to the prevailing 
tendencies of his own time. V. Soloviov, L. Tolstoy and Th. 
Dostoevsky wholly expressed the ethi<>al-religious side of the 
emerging philosophy, although the metaphysical side was 
almost altogether lacking. 

V. Soloviev (1S53-I900) — ^the Kussian Newman, as he is 
sometimes called, was a very prominent figure in Russian 
philosophy and theology. His profound mysticism, his 
ardent search for truth and goodness, rank him among such 
men us Plotinus, St, Augustine and Th. Aquinas. According 
to Soloviev, knowledge is possible neither through experience 
alone, nor through reason alone. Neither, by itself, can 
give us tbe picture of the real. The real, which is a perfect 
unity (ru til, TV rpSi/rov of Plotinus) is not external to the 
subject, neither wholly inherent in him. The real is given 
to the subject by a direct apprehension in all its organic * 
unity. This is what Plotinus calls vmioiit or intuitive 
knowledge. The Absolute, therefore, is not a deduction from 
perception, nor a construction of our mind, but, " that 
which is experienced." 

Soloviev’s philosophy was further developed by S. 
Troubexkoi and finally taken by N. Lossky as a basis for his 
epistemological study. 

This gives us a very brief summary of the sources of 
Lossky’s philosophy, so for as he found these iq the Russian 
school. On the other hand, we can trace a /lertain similarity 
with, if not direct influence from, such western philosophers 
as F. Jacobi, H. Ixitse and W. Schuppe. F. Jacobi was 
probably a follower of Plato. His " philosophical iiutinct " 
is very closely akin to Platonic — a force 

driving man to ses^lc knowli^ge, not of the appearance, bat 
of the true Being (’'On-wc^r) or Absolute. This Absolute 
is not the creation of our thought but our creator. It is 
immanently present in our mind and not given as a copy of 
phenomenid knowled^. The basis of all knowledge is 
iheretoie’ an intuitive revelatk>n-—the spiritnal feeling 
(GsmSw QtfM) and not the partial image of Being (Hke 
bhenomenon of Kant) or the iease<data'of empinolsta. 



The same intuitive philosophy i^e can £nd in Ldtie. 
According to hun the undivided feeling is prior to thought, 
which IS merely a formal function acting upon a given 
content of intuition, or, as Lotae himaelf ezpreaaed it — ^“the 
unity of a significant Idea forms the piimary datum — an 
Idea which, fiom its absolute worth, deserves to be the 
deepest and most solid foundation of the universe. . . 

The close similarity between Lossky and Ixitze can also be 
observed in their conception oi the Universe as an organic 
whole. 

Lossky 18 probably the first Bussian, who disentangled 
the epistemological-metaphysical problem from its ethioal- 
religious superstructuie He is one of the first Russian 
rejiresentatives of puie philosophical thought, but at the same 
time he preserves in it the liest tiaditions and ideas, of 
Russian ethical philoMijihy. The very title of his magnum 
uput in its first edition wan: “ Foundation of Mystical 
Empiricism,” which seems to suggest an attempt of unifica- 
tion of Western empiiicism with Eastein mysticism. In a 
subsequent edition nevertheless Lossky found it necessary to 
change this title into a less ambiguous one, t.e., ” Foundation 
of Intuitivism ” (The Intuitive Bums of Knowledge. Engl, 
transl.). By the terns mystical and mysticism, Lossky 
meant only a certain theory of knowledge, according to which 
the transubjective world is apprehended by the mind as 
directly as the internal woild of feelings and ideas. *In 
popular interpretation, on the other hand, “ mystical ” 
means something mysterious, something dark and weird. 
This popular conception certainly does not apply to 
Lossky’s idea. 

In his ” Foundation of Intuitivism ” Lossky did not 
attempt to solv^ ontological problems. He only approached 
the problem of knowledge, for this he considers to be the 
fundamental problem of philosophy. A great port of his 
book is concerned with a critical s^udy of previous philo- 
sophical Bjrstems. The very able criticism of Lossky opens 
up the road to his new theory cl knowledge, and tiierirfore 
we have to consider it in some detail. 
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According to Lossky fallacy of subjective empiricists 
(Locke, Berkeley, Hume) cousistB in the fact that they build 
up their theory on certain ns8um])tiun8 the true value of 
which cannot be proved. These' a ynon assumptions are of 
the following kind : — 

(1) That the Ego w completely sejiaralcd from the 
non-Ego (I and the external world). 

^2) That aU contents of consciousness are subjective 
mental states of the knowing individual. 

(3) That experience is the result of eausaf action of 
nou-Kgo on Ego. 

(4) Tliat the states of consciousneHs do not present tlio 
reality directly but are copies of it. 

Building up our theory of knowledge on these ossum- 
tions wo inevitably airive at a self-destructive scepticism, 
which obviously thiows doubt on its ow'n validity. This is 
the ** culnle^sar ” of subjective empiricisin. 

Pre-Kantian rationalism also does not avoid certain 
unproved assumptions and certainly does not bridge the 
chasm existing between the Ego and the external world. 
Beality is still prestmted to the Ego in tlie form of copies in 
the mind. Leibniz vrrites that percejition is an inner state 
of the Monad which represents the outer things.” 

Subjective empiricism and rationalism, according to 
Lossky, agree only in one positive conclusion: “ They both 
assume that the mind can know its own feelings and ideas 
with perfect adequacy . . which means that in this cose 
the known object is immanent in the prot^ss of knowing. 

Kant produced a revolution in philosouhy, but it can 
hardly be said that he has solved the whole problem. His 
fundamental assumption i# the same as in previous systems : 
that empirical knowledge is the result of an action of the non- 
Ego on the Ego. According to him the world presented to us 
is a discontinuous whole and all the relations and meaning 
are supplied by the mind. Not only does Kant banish 
from the world all activity except the intellectual syntiliesiting 
of the data of sense, he also banishes from the world all 
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inner meaninff and therevvith all iofur rtlaiion between ite 
elements.’’ ^ If we developed the idea of £aut to \U 
logical conclubioUi we Hhould altogether deny the existence 
oi the external a orid. But in bpite of aid. its delects, Lossky 
thinks that Kant’s theory, by destroying some of the old 
fallacies, prepared the {ground for the theoiy of intuitivism. 

This new idea seems to be present in some hidden form 
in all the mam tendencies of philobphical thought in the 
lUlh century, but at the same time it appeals that it was the 
chief cause oi their disagieementb, rather than of their 
unity. Accoidiiig to Lossky, the mystical rationalists such 
us Fichte, Schelling and Uegel ^d not realise that the 
new principle merely justifies the assertion that there are no 
wsumumntaible obstacles to a knowledge of the world, but 
affords no grounds whatever for regarding human thought 
as divinely omniscient,” ^ They were too hasty in their 
solution of the Biddle of the Universe and wanted to 
embrace the infinite. The same also can be said about their 
anti|M)des — the iK)HitiviHts and the materialists of the 19th 
century, who attempted to build u Universe on tl^e basis 
of detached sense data or certain abstract ideas like 
” matter ” or ” energy.” 

In opposition to his predecessors, Lossky approaches the 
subject of knowledge, not tioui the side of perception or 
the object, nor from that of a general a priori idea, but by 
trying to understand the process of knowledge in itself. He 
does not think that we know a thing, only when we can 
describe it, or find relations between its elements. This he 
supports by a (|untaiion from Geethe’s Faust: 

He who would study organic existence, 

Fiist drives out the soul with rigid persistence; 
Then the parts in his hands he may hold and class 
But the spiritual link is lost, alas! ” 

Every positive science proceeds in this way. This does 
not diminish its practical, value, but epistoniology, being 
the fundamental basis of science, cannot be built up on the 
results attained by certain speoial sciences. Those results 
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can be introduced only aa a material and not aa a ftmndation 
tor a theory of knowledge. 

" In other words, a theory of knowledge muit begin with 
an analysis of the experiences actually taking place at any 
given moment.^ Any dogmatic asBumption, even the 
division between Ego and non-Ego, must be abandoned in 
approaching this problem. 

And so, if we discard all our pieoonceiyed ideas about 
the Universe and oonfiiie our attention to a simple manifee* 
tation of our consciousness as expressed by any judgment 
of perception, as for example: “ I am glad,” ” I see a 
house,” etc., we always find in it something that stands in a 
certain relation to ourselves. This something Losaky calls 
” given to me,” and this given to me ” passes into that 
which is ” mine.” We usually make a distinction between 
the things observed in the external world and onr own ideas 
and feelings. The latter we call *' ours ” and we are sure 
that we perceive them as they are. Lossky thinks that 
there is no difFeience in this subject between the perception 
of the ” given to me ” from the outside, and the ” given to 
me ” fiom the inside, so to say. Every thing ” given to 
me ” becomes a ” content ” of my consciousness. My 
psychical states may be given to me just as much as the 
object of tbs external world. ” In this case they will stand 
in a twofold relation to me. They will be ‘ mine ' (in the 
sense of being a state of myself) and they will be * given * 
to ‘ me ’ for observation. Therefore the fact of oonsoioiis* 
ness involves at least three elemente: — 

(1) The self. 

(8) A content, 

(3) A relation between the two. 

As we saw before, the ” content ” of consoiousiMaa ia 
fomed by everything ” given to me,” atanding in a 
certain unique relation to me. This relation ia not a oaaual 
osie and is simple, so that it cannot be defined or described. 
TTaing the modem logistic termiiMilogy, we can assign to 
this relation the propertiee of being a cnoone, non-eym* 
metrical relation. ” We win call this unique relation 
a. p. 1 *. *8. p. ua. 
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between the Ego and lomething which owes its ezutenoe to 
my attentum and leads to that something '* given to me *’ 
parceptum, intmtvon, oi gnoteoiogtoA oo-ordmatvm, be- 
tween subject and object 

In a later edition of his booh, Loesky finds it neoeMaiy 
to distinguish between those terms According to his new 
definition, gnoseological oo-ordination is a super-spatial and 
super-temporal i elation between the Ego and the object and 
it IS piior to the intuition On the other hand, intuition u 
the act of awareness, which becomes possible only in virtue 
of this 1 elation ^ 

To have something in oonscionsness (or in mind, to be 
more precise), a simple awareness of something, certainly is 
not yet knowledge “ A content of consciousness may be 
unknown, either completely or at least in so far as 1 am not 
able to describe it When, for example, we are looking 
at something unknown to us, our first impression is an 
indefinite, obscure feelmg of bomething presented to our 
consciousness But gradually we begin to disonnunate 
certain aspects oi the given, and we are comparing those 
aspects with something we know already, something present 
in our memoiy Bat “ the entirety of a thing u prior to 
ttt eleinenti 

According to Lossky the judgment of perceptum is the 
result of the differentiation of the given ” by means of 
oompansoii The same idea we can find in Bradley’e 
Appearance and Reality For him the judgment of pereej^ 
tion IB composed of two elements ** that '' and what 
" That ’* and “ what ” respectively, correspond to the 
image and the idea about the image They oaa never exist 
in our mind separately, but are always united At the 
same tune they cannot be said to be identical The copula 
— u, does not repreMnt an equation “ In judgment an 
idea 18 predicated of a reality,” said Bradley (App and 
Beal p , 163) Bui the predicate is not merely a mental 
idea or anotiier image, it w a quality of the very reality that 
we are oontemplatiiig “ Judgment u essentially the rw 
union of two sides, ' what * and * that,* pnmsMiielly 

•ApM '8, pUS *8,p 185 *7. p IW 



382 


estrangled,” (Bradley, p. 165.) It is vezy difficult to 
assert with any oonviction, that Lossky was in any way 
induenced by Bradley in his view on the nature of judg- 
ment > mobf piobably ho was not, but the similarity between 
both is striking. For example, Lossky writes: The 

object known is the real world. But since everything about 
whif'h we judge is real in one sense or another, we want to 
know not that an object is, but /r/rut it is — quid sit, and not 
quod sit.” (Int. Van, of A'noti;., Kngl. transl., p. 261.) The 
terms “ that ” and ” what ” of the last sentence are intro- 
duced by the translator, piobably for the sake of oleaiTiess. 
The literal translation of the sentence a^ould luu as follows: 

. not that the object ejsiiU^ but haw it exists — not 
quod sit, but quid ait,” 

The predicate of that- what judgment is a concept. 
Croce, like Bradley, derives the pure concept from the 
Beality itself. The expression of tins concept, according 
to CJrooe, constitutes what is commonly called <he defini* 
tive ” judgment. This judgment is formally different from 
the individual judgment, forming the perceplion in its 
strict meaning. Perception is pre-supposed by the concept 
fonne<l in the mind by means of the definitive judgment. 
" To perceive means to appi^ebend a given fact as having 
this or that nature; and ho means to think and to judge 
Lossky also shows that there are different kinds of 
judgments and ” that if several successive acts of knowing 
are directed on one and the same object, they will result in 
the formation of a concept as well as of judgments.”^^ 
But he is not quite clear about the distinction between the 
perceptual image ” and the “ given reality,” For my 
own part I think, that the terms ” intuitive perception ” or 
” intuitive knowledge/’ must not be used, for they lead to 
a misconception. The term ” knowledge,” in any case, 
moat be used as Lossky defines it himself, that is as a 
process of analysis of reality by means of compariMm. 
Knowledge is pragmatical in its nature and can never give 
the whale truth, for reality can be subdivided into an in- 

'* Crooe. Logic m Scieiice of the pare ooaocpt, p. llff. 
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finite nutnher of aspectB. In tliis respect we are in a perfect 
agreement with Croce, who says that it must he firmly 
maintained that the first luoment of knowledge is intuitive 
and not perceptive ; and that the c*oncei»ts do not originate 
from the intellectual act of peiception, but enter the act 
itself as constituents. To begin with peiveption, understood 
as perceptive judgment, is to begin, at the end, that is to 
say with the most highly complex,”'® 

Except in the matter of terminology and exact definition 
of terms, the analogy between Ihadley, Croce and Lossky 
on this subject is very striking. From his theory of 
judgment, Lossky draws the c‘onrlu‘vion that every judgment 
is on analysis of the unknown part of reality, and at the 
same time a synthesis M ith reference to the known parts of 
the reality. Bradley expresses the same idea in the follow- 
ing manner: ” For judgment is the differentiation of a 
complex whole, and hence always is analysis and synthesis 
in one.”'* 

In Oroc.e*fl work we <‘an see a more elaborate statement of 
the same idea: If analysis apart from synthesis, the a 

priori apart fi*om the a poitenori, be inconceivable, and 
if synthesis apart from analysis, the a posteriori apart from 
the a priori, be equally inconceivable, then the true act of 
thought will lie a synthetic analyhih, an analytic synthesis, 
an a posteriory^pnori, or, if it l>e prefen ed, an n priori 
synthests."*^^ This is a return to one of those ideas of Kant 
which prepared the way for intuitivism. 

From all this it follows necessarily that a true judgment 
must be objective (transubjective). It must not he a copy, 
or a bundle of (^opiea of reality, hut it uiust itself be con- 
tained in reality. ” In this sense it can be said that 
truth is an objective image of a thing, and falsity a sub- 
jective image of it.”'* A true judgment is therefore 
eternal, necessary and universal. In other words, a true 
judgment is present a priori in reality. What about the 
subject — is he nut a part of reality alsoP Is it possible 

■'Crocs. Logic, p. Ifie. 

"BrAdtey. Appeanass and Rsality. pp. 169-0. 

'^Croos. Logic, p. 819. p. 187. 
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that an a priori judgment can be formed in a togethemeii 
of the subject? Lossky does not go so far as to admit this, 
and the problem remains unsolved. The relation between 
the Ego and the World is the deepest mystery of the 
universe, but, as the poet said — 

“ The uieature is in Btahma, and Brahma is in the 
cieature; they are ever distinct, yet ever united.” 

(Eabir, One Hundred Poemt). 

But one thing ronreining the judgment we must dearly 
keep in our mind: a judgment may be a true one, but it 
may not be the whole truth about the reality. In every 
act of judgment we analyse the given reality by abstracting 
some of its aspects and always leaving an undifferentiated 
residue. A given reality as we know can be subdivided 
into an infinite number of aspects, and therefore no finite 
sum of judgments about it can express the whole truth. 

According to Lossky the relations in judgments are 
not produced by the subject, they are cmly discriminated 
by him. The woild is gradually opening up to the 
knowing mind — the mind gains a hold on reality and 
unfolds it. Appearance is the perceived reality, or 
abstracted and compared aspects of reality. Appearance 
belongs to leality, and in this way the chasm between 
appearance (knowledge) and reality (being) is bridged. 

Some objections may be raised in connection with the 
nature of indirect judgment. TJsually we do not acquire 
our knowledge by means of direct judgments. ** The sun 
is rising >is a direct judgment when we observe the sun 
rise above the horison, but do we accept the value of this 
judgment in astronotnyP Ho science would be possible 
without indirect ju'dgments and indirect inferences. ** If 
such inferences be merely probable, almost the whole 
science of geology becomes a system of hypotheses, the' 
truth ef which can never be established by any pro gr ess 
of knowledge. Exactly the same would have to be said 
of history when it recreates the past from the ruins of old 
towns, Jhcbm inscriptions, coins, etc.”** Lossky tries to 
solve problem by extending the meaning of ffi*^- 

tto. 



ness." The given data may be of two kinds: sensuous 
or non-seneuouR (supersensuous). As we indicated before, 
even the ordinal y perception requires eupersensuous data 
— t.e., concepts. “ The moie we seek to know the external 
reality as it is in itself, and not in its effects upon our 
body, the moie we strive to abstiact fiom the sensuous 
data and to let the non-sensuous elements of experience 
enter into the foiegiound. The knowledge which oontitti 
tn apprehentton of the non-tev*wnu 1 propose to call 
tpeculattve knowledge, or tnteUeetual tniuitvon.**^'* From 
this it follows that every kind of knowledge is in a certain 
degree speculative. According to Lossky, the non-sensuous 
data, including the universale, are also in the reallity and 
given directly to the subject. On this point I disagree 
with Lossky, and without being aiiaid to be called a 
nominalist, I think, that universals are inferred from 
reality and do not exist in the same way as particulars may 
be said to exist. We can say that " tallness ” exists, for 
we speak and think of it, W its existence is somewhat 
different from my own existence or from the existence of a 
particular tall being. To posit the universale as existing 
at the same level as the particulars is a step towards an 
atomic new-realism. 1 think that universals depend on 
particulars and are a result of our thought, a kind of 
mnemonic device for the economy of thinking. Certainly 
this idee is purely nominalistic, and as we know, nominal- 
ism is considered somewhat akin to mateiialism. Never- 
theless, in my opinion, nominalism is not out of place in the 
theory of intuitivism. The universals may be taken out, 
of the reality but their moment is subsequent to that of 
the particulars. We may perhaps agree that univenaha are 
m re in the reality taken as one whole, but they are 
certainly pott rem when we are thinking about its isolated 
aspects. Lossky writes that “ universals have real being 
and are given in perception.”^* I should prefer to state 
it this way : universals aie given in intuition of the real 
en dwrie. The addition of the time element, or the 
Bergsonian dmHe is, 1 think, necessary for the thought 

”8, p. 364. >*8. p. 868. 
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proeeAff involved in the apprehension of universale as snoh* 
We may disagree about the objective or subjective nature 
of time, but that time exists we are all sure. It may^ 
if wo like, Iw regarded as an intiansitive relation of a 
ueiial ordei The piocess of thought ocoutb in time — en 
dur^e. The zniud eruJuren reality with the formation of a 
Mneiue, that is the sum-total of its past states. The Mneme 
in its him, acts upon the present and produces the future. 
For certain purpow's of dialectic discussion we can abstract 
an instant of intuition or an instant of perception regard- 
less to the time element, but (his abstraction can never 
reveal the real piocess of thought and the origin of 
concepts. I do not see how we can approach the problem 
of uni versa Is and of indirect judgments, leaving out of 
account the elements of dttrSe and Mneme, The way of 
formation of (joncepts can be illustrated thus : — when we 
perceive a new aspect of lealiiy — ** this thing, we always 
compare it to sewn e thing else, usually presented to ua by 
memory. We cannot think frf something presented to us 
wifhout thinking the same time about sometbing else. The 
iudgments of perception are built up, linking the unknown 
aspects of the given with f>ome known familiar aspects 
existing in our Mneme. Suppose we perceive the same 
aspect of the given reality again and again or even imagine 
it repeatedly. This procees has to proceed in durfe by means 
of Mneme. The essential property of Mneme is that the 
often lepeated process become, so to speak, canalised and 
condensed for the purpooe of economy of thought. This 
condensation of aspects of perception leads to the formation 
of concepts, a kind of shorthand desiprns for the apprehen- 
sion of the variety of experienee. Certainly no pure percep- 
tion is ever possible, even in a new-born infant, because 
every organised being possesRes a mnemic stock in virtue 
of its orpfauisation. 

This necessarily leads us to the consideration of a wider 
question of the self or individual in the scheme of the 
universe. Unless we consider the individual as an histoorioal 
being, that is to say, in its dvHe together with its stock of 
Mneme, the problems concerning the indirect judgment, the 
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uidiTVfit mferenw and tlia formatioa nf nniTwaala, M 
pnaeoted 1)7 Lonky aie ooinj^etely uMolnUe For wkat 
u an mdividnal, li noi a piodnct oi the past interrelated 
by mnninerable ties to eyerythuig outside its oiwn hunted 
existence " Life is the gathering of waves to a head, at 
death they break into a million, fragments each one of 
which however, is absorbed at once into the sea of life and 
helps to fonn a later generation which comes rolling on till 
it too breaks ’ Butler s idea of the vioanons nature of 
human individusdity and its progress in the flow of time, 
must be tlearly borne m mind while discussing any gnoseo> 
logical questions The vicanous nature of conscioasness 
and exjierience is also propounded by 8 Tronbeikoi and he 
expresses it in the following words * human 

consoiousnesB is not my personal function, but a ooUeotive 
function of the whole human race I think also, that 
human oonsoiousness is not an abstract term indicating 
eeparate individual oonsoiousness, but that it is a hving 
and conorete untvertal process ”*** For Troubedcoi an 
individual mind is a manifestation of a ** eo$m*e ’* con* 
•ciousness and a '* ootmte ” memory No isolation between 
Ego and non«Ego is posiibls — ^they are both closely 
interrelated 

If we accept the views of Butler and Tnrabeskoi on the 
nature of the Ego then the problem of universals and 
indireot judgments is more easily soluble The terns of an 
indiMct judgment may not be " mine ” in the nancw mean* 
ing of *' mine ' but somebody else’s But this transubjeo* 
tiTe enpenenoe just the same aa '* mine ” experience form* . 
a part of a wider expenenoe of a supeihuman Monad whiok 
we may perhapa call God Our mind 19 a creatiye unity, 
existing in a process of development m which, the past is 
eonttantly building the fntnve but what we call eur 
oomoiousness u an smer/Tenf quality of the higher Monad 0 * 
a manifaatation of the Whole to use the term proposed by 
Mel^bggart* 

»8 BcUsr. Mots Books p 15 
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Althoagih Lomky doe» not bring in tbe idea of vioarioiu 
peraooDAlity, his views as regnrds the meaning of the world 
process, is closely similar to the t^ndusionB reached above. 
** It will readily he noticed that we are specially inclined 
to describe as rational all those activities, and generally all 
those aspects of reality which we believe to pfissess a higher 
meaning, a high super-individual signifloanoe — t.e., a 
significance, to a greater or less degree, for the world as a 
whole. But significance and meaning are only possible 
where there is purpose; and, if so, individual things can 
have a super-individual <)ignifioance only if there is purpose 
in the universe as a whole. Ccmsequently the word reason 
ought to denote the faculty of putting before the mind and 
of realising these supreme or highest purposes.”* Show- 
ledga or reason, therefore, is purposive in its dmracter; in 
other words it is practical. 

The world of which the individual tsdces part, must 
possess a complete organic nnity, since it has a definite puT>* 
pose, ** In contradistinction to individualistic empiricism 
and in agreement with rationalism, the intuitional theory 
lays particular stress upon the organic living unity of the 
world.”* This idea is more developed in Lossky’s The 
World as an Organic Wliole.” It would also be as well to 
tnention the excellent exposition of the idea of an organic 
whole, or orgranic unity, in the recent hook by HcTaggart 
(The Hatnre of Existence), in which he writes that in an 
organic unity ” each part is regarded as determined hy the 
whole which is not merely compounded of the parts, hnt 
is manifested in them. - And the lelaticHi of each part to the 
others is that it is not only determined hy them, hut that it 
cooperates with them in manifesting the whole.’** 

The ontological idea of Losaky, as we can now see, is not 
only akin to that of Lotse, Bradley and Hegel, hut also to 
that of J. Th. Msrs. Dr. Hen’s ” synoptic ” metiiod of 
approach to the world, his dislike of partial views, his 
hdief that ” the ultimate reality is not to be reached by 
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thought bat most be left, lived, and expenenoed,*'* are 
probably well known to evetybody 

But the unity of the world does not oonsut in the way of 
thinking it The reality preeented to ua u a highly oomplex 
■ubstance, the product of a certain creative eyntheeia, the 
work of somebody outaide our own self We are only form- 
ing a part of the world, but not a fragmentary world, full 
of bloodless entities in a mad danoe, but a living organie 
unity, permeated by an inward meaning and higher pur- 
pose As we are a part of the world we also must have a 
purpose which attains its fullest realisation m the ethical 
life Being part of the world and at the same tune — the 
heirs of the past, we must strive to oontnbute as muoh 
as we can to the world progress In other words, our highest 
moral duty our greatest approaoh-road to immortality, are 
the things that we are doing for the lest of the world, our 
hie in others We had better live in others as much as 
we can if only because we thus live more m the race which 
God really does seem to care about a good deal This 

IB the greatest idea that ever eusted among mankind and 
which was always present in all religion and philosophy and 
IB, according to Walt Whitman, the “ base and finale too 
for all Metaphyinos ’ 

'* Ihe dear love of man foi his comrade, the attraotion 
of fnend to fnend. 

Of the well-marned husband and wife, of children 
and parents. 

Of city for city and land fot land ’ ’’ 

According to Lossky everything existing is bound up J(n 
one perfect unity “ Hence it follows that rosmio unit^ 
pre-supposes a substantial agent which embraces everything 
thnt exists in the universe and binds it together into one 
ordered whole Suoh an agent is a higher prinei]^ of 
cosmic meening and rationality, than the Abstreot Logee 
-^t le the Concrete Li^oe, a living, peiwmal being O^y 

*3 XtSB, 4 Hastesy of B a repssa nosght la XOC. «saniijr«< 
p 780 
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lining in othsra we can wholly realiie onr lugher pnrpOM 
and attain onr true immortality. 

It would be a very difficult taak indeed to atteutyt to 
place Lossky in a definite aohool of philosophy. It seepu 
that he selects and unites in himself elements belonging 
to different schools. In one sense we may call him foi 
idealist, but at the same time we cannot ignore the fact 
that he rejects the notion that appearances are mainly 
deceptions screening the real being. In another sense he 
may be called a lealist, but not an atomic new-realist, not 
one who takes sense-data, qualities and categories as 
existing independently in the worid. In his view on 
knowledge he is a pragmatist, in his view of art*he in part 
resembles Croce. At first sight one feels tempted to 
compare him with Bergson, but the similarity between 
them is not complete enough to allow them to be classed 
together. In one of his books,* Lossky oritioues many 
sides of Bergson’s philosophy. Lossky is in perfect agree- 
ment with Bergson’s view that intuition gires us an 
immediate knowledge of an object, but he thinks that the 
methodology of his system is not quite perfect, because 
Bergson approaches the question of knowledge pmrtly from 
the metaphysical, partly from the physiological point of 
riew. He also agrees with Bergson that the world is in 
organic whole in a process nf development, but he hold* 
^t reality is not only a flow of change: this is only 
one of its aspects. Besides change it contains also some- 
thing that changes. The analysis of mind does not destroy 
the object — it only abstracts the needed parts, whereas 
Bergson opens up an impassable gulf between intuition 
and intellect, and thinks that soientiflo knowledge ie tmly 
a symbolic representation, a copy of the real. Soienoe and 
metaphysies are separated by Bergson; Loesky tries to 
reunite them. A consideration of these points riidws Uiat 
Lossky and Bergson are too diflsrent to be olaaalffed 
ingetto. Bradley, Croce and Haget cartaialy have mese 
in eommon with Lossky. 

,An attempt to elucidate the ^ueetfen of a tystisn of 
ttpUjpltysioa it ma4e by Loeaky in mm ol his latsm ariiAlfii 
*ie. 
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{mUikked in tke new Battn«n philoeopluonl jonmnl 
“ Kyal ” (" Thonj^kt *’) According to Loaeky, tke only 
pbeuble system of pkil^pky u an ideal*Tealinn, • e , a 
i^item oaaertmg that the boms of the spatio temporal world 
u formed by on ideal being But an ideal realism con be 
founded on two kinds of ideas, veiy dissimilar in tkeir 
essence On the one hand, we can postulate abstract ideas^ 
suck os equality, number, quality, etc , on tke other, 
concrete ideOs, which are actually present in tke real world, 
suck as the Nous of Aiistotle, the Monad of Leibnis, Mmd, 
Spirit, etc 

The only possible system, according to losaky, is the 
one based on concrete ideas, and foi such a system he 
proposes the name of oonorsto ideal retdum ** ETory 
form of ideal>realism must tend to an orgamo aspect of 
the world Tke whole must determine its components and 
not be merely their product An abstract idea is not 
on idea of an organic whole, not an idea of being, but only 
a quidit} of a class or mechanical assemblage of objects 
Therefore an abstract ideal*realism cannot be token oe a 
basis of an organistic system of tke world And further, 
abstract ideas are static in their essence and can never give 
a picture of a dynamic universe as we see it Tke universe 
tends to desintegrate into isolated and unconnected things 
in themselves, ” when tke categories are supplied by tke 
perceiving mind In this sense tke philosophy of Siegel 
jis a true concrete ideal realism But oertom theories, sudi 
^ tke j^onlogism of Ooken, can never satisfactorily explain 
tke category of purpose, so essential for tke organic stmo* 
ture of tke world Without purpose tke world would 
pppear only as a meekanioal system, dead and unoreative 

An absbnct idea can never fumiA unity to tke syeten 
^to which it relates Abstract ideas are mere abstraction* 
Ondl not factors Tke conception of a higher Being stand* 
lag kkove any rotmaol or empmool knowledge, woe put 
lorwkrd by Plotinus and kis ^llowor, Y Soloviev 
Being koi tke quality Of on eternal tupermindngnt Imt of 
' HtaiseiitB tiam It u manifested in «v«ty pert of tiia wcHd^ 
nMondutg ownelve*. Waieel Its pteesms, but oonnat^bim 
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about It in a logical way. This intuitive awarenees of thie 
higher Being is the true foundation of our self.” ** The 
concrete ideal lealiem poetulates the existence of a being 
which dominates, not only the spatio-temporal pro> 
cess, but our own ideas. The ideas are always dependent 
momenta of this higher being as, for example, qualities, 
propel ties, capactttea, poanbtltttea or forma of its aoti- 
vity.”^^ Therefore, the logical laws do not apply to this 
concrete ideal substance — it is a Tnetalogioal being. 

The Absolute is one, undivided, eternal. The apprehen- 
sion of Absolute is given to us directly, and not through 
some rational or empirical methods. This direct aware- 
ness oi the higher being is called by Lossky myatund 
tntuttum. 

All this certainly does not exclude Hie possibility and 
necessity of an analytical knowledge, because every aspect 
derived by means of analysis, is part of the Absolute, and 
its relations are actually present in the Absolute. 

The human soul or mind can be taken as an example 
of a concrete ideal being. Besides its conscious thought 
and activity, the human personality possesses an infinite 
content and infinite potentiality. The human personality 
cannot be brought down to the level of physico-chemical 
world, obeying the law of cause, in a mechanical sense of 
this term. “ Those who will accept the existence of con- 
crete ideal entities, similar to the human personality, 
cannot reduce causality only to the order in time.**^* A 
cause of an event cannot be a detached event preceding 
it, the real cause of changing appearances is always a 
concrete-ideal entity underlying every process, lliis 
entity is super-temporal, always flowing, always creating 
and carrying all the past within itself. And all those 
entities " stand in a relation of co-ordination to each other 
and to all the elements of the worid."** 

The theory of concrete ideal-realism gives us a biolo- 
gical aspect of the universe. According to this theory 
every organic whole is ctanposed of parts bound together 
and co-ordinated by a general purposive afdivity, u^idi 
is the expression of its '* I.” Hind or soul are the hftinee 

•‘1*. “IW4. “»8. 
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given to thif %c^tive entity The teim ** piyohoid ’’ can be 
applied in case of lower forme of life 

** An organiAm le an infinite machine %e a eyetem 
in which the organisation posseseed is orerwhelmmg 
capable of infinite extention yet complete m character » 
it IS a concrete purposiivene$$ and concrete orgcMtxaUon ” 
The theory of concrete ideal jealiem regards the whole 
universe as a living organic being Lossky does not push 
the theory to its logical conolasion but I think that he 
would undoubtedly agree with Butler when the latter says 
that The division between varieties species genus all 
gone between animals and plants gone so ere long the 
division between organic and inorganic will go and will 
take with it the division between mind and matter 
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